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FOREWORD

’f‘ he accomplishment of our objective in protecting the environment requires a reliable assessment.of
the present condition and a determination of the effectiveness of corrective measures. Decisions
which must be made on the need for pollution abatement and the most efficient means of achieving
environmental quality depend upon the availability of sound data. Test procedures for measurement
of the presence and concentration of substances hazardous to human health as well as an evaluation
of the quality of the environment are essential to satisfactory decision-making.

This manual of chemical methods was prepared by the staff of the Environmental Monitoring and
Support Laboratory of the Environmental Research Laboratory, Cincinnati to provide procedures
for monitoring water supplies, waste discharges, and the quality of ambient waters. These test
methods have been carefully selected to meet the needs of Federal Legislation and to provide
guidance to laboratories engaged in protecting human health and the aquatic environment. The
contributions and counsel of scientists in other EPA laboratories are gratefully acknowledged.

Test procedures contained herein, that are approved for water and waste monitoring under the Safe
Drinking Water Act (SDWA) and the National Pollutant Discharge Elimination System (NPDES),
of PL 92-500 are so indicated at the bottom of each title page. These approved methods are also
recommended for ambient monitoring needs of Section 106 and 208 of PL 92-500. Methods without
this stated approval are presented for information only. Correspondence on these methods is invited.

C fobertr £ Pty

Robert L. Booth
Acting Director, Environmental Monitoring and
Support Laboratory, Cincinnati, Ohio 45268
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ABSTRACT
This manual provides test procedures approved for the monitoring of water supplies, waste
discharges, and ambient waters, under the Safe Drinking Water Act, the National Pollutant -
Discharge Elimination System, and Ambient Monitoring Requlrements ‘of Section 106 and 208
of Public Law 92-500. The test methods have been selected to meet the needs of federal legislation

and to provide guidance to laboratories engaged in the protection of human health and. the -
aquatic environment.
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INTRODUCTION

B

NOTE: Smce the fzrst prmtzng of this edition in March 1979, varzous edztorzal errors have been
'brought to ‘our attention which have been corrected in this second prmtzng In
addition, it has been found necessary to add to this printing an updated preservation
and holding times table (Table 1), as well as six new methods They are: under pH,

* 'Electrometrics (continuous monitoring), Method 1502 “under Métals, Inductzvely
Coupled Plasma, 200.7; under Metals/Chromium: Hexavalent Dzssolved Method
218.5; under Metals/Sodium: AA, Furnace, Method 2732 ‘under Inorgamc, non-

' - metallzcs/Aczdzty thrzmetrzc (aczd rain), Method305 1 and under Organzcs, Organzc

- .Carbon, Total uv Promoted Persulfate, Oxzdatzon, Method 4152 o

These addztzons have been made S0 as to keep users of the manual current wzth the
procedures the Agency uses in determining: compliance with: applzcable water” and
-effluent standards it has established.

Persons who already-possess a copy of the 1979 edition of the manual and who wish to
update it by including the cited additions need not request another copy. The new
“material i is-available as a separate volume, entztled “Technzcal Addztzons to Methods
- for Chemical- Analysis of Water and Wastes, EPA-600/4-79-020," EPA-600/4-82- 055,
from ORD Publzcatzons, CERI, U.S. Environmental Protection Agency, Cincinnati,
OH 45268.

This third edition of “Methods for Chemical Analysis of Water and Wastes” contains the chemical
analytical procedures used in U.S. Environmental Protection Agency (EPA) laboratories for the
examination of ground and surface waters, domestic and industrial waste effluents, and treatment
process samples. Except where noted under “Scope and Application”, the methods are-applicable to
both water and wastewaters, and both fresh and saline water samples. The manual provides test
procedures for the measurement of physical, inorganic, and selected organic constituents and
parameters. Methods for pesticides, industrial organic waste materials, and sludges are given in other
publications of the Agency. The methods were chosen through the combined efforts of the EPA
Regional Quality Assurance Coordinators, the staff of the Physical and Chemical Methods Branch,
Environmental Monitoring and Support Laboratory, and other senior chemists in both federal and
state laboratories. Method selection was based on the following criteria:

(1) The method should measure the desired property or constituent with precision,
accuracy, and specificity sufficient to meet the data needs of EPA, in the presence of the
interfering materials encountered in water and waste samples.

(2) The procedure should utilize the equipment and skills available in modern water
pollution control laboratories. .

(3) The selected method is in use in many laboratories or has been sufficiently tested to
establish its validity.

(4) The method should be rapid enough to permit routine use for the examination of a large
number of samples.




Instrumental methods have been selected in preference to manual procedures because of the
improved speed, accuracy, and precision. In keeping with this policy, procedures for the Technicon
AutoAnalyzer have been included for laboratories having this equipment available. Other
continuous flow automated systems using these identical procedures are acceptable.

Intralaboratory and interlaboratory precision and accuracy statements are provided where such data
are available. These interlaboratory statements are derived from interlaboratory studies conducted
by the Quality Assurance Branch, Environmental Monitoring and Support Laboratory; the
American Society for Testing Materials; or the Analytical Reference Service of the US Public Health
Service, DHEW. These methods may be used for measuring both total and dissolved constituents of
the sample. When the dissolved concentration is to be determined, the sample is filtered through a
0.45-micron membrane filter and the filtrate analyzed by the procedure specified. The sample should
be filtered as soon as possible after it is collected, preferably in the field. Where field filtration is not
practical, the sample should be filtered as soon as it is received in the laboratory.

Many water and waste samples are unstable. In situations where the interval between sample - '
collection and analysis is long enough to produce changes in either the concentration or the physical
state of the constituent to be measured, the preservation practices in Table I are recommended.

This manual is a basic reference for monitoring water and wastes in compliance with the
requirements of the Federal Water Pollution Control Act Amendments of 1972. Although other test
procedures may be used, as provided in the Federal Register issue of October 16, 1973 38FR 28758)
and in subsequent amendments, the methods described in this manual will be used by the
Environmental Protection Agency in determining compliance with applicable water and effluent
standards established by the Agency. ‘

Although a sincere effort has been made to select methods that are applicable to the widest range of
sample types, significant interferences may be encountered in certain isolated samples. In these
situations, the analyst will be providing a valuable service to EPA by defining the nature of the
interference with the method and bringing this information to the attention of the Director,
Environmental Monitoring and Support Laboratory, through the appropriate Quality Assurance
Coordinator.
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SAMPLE PRESERVATION

Complete and unequivocal preservation of samples, either domestic sewage, industrial wastes, or
- natural waters, is a practical impossibility. Regardless of the nature of the sample, complete stability
for every constituent can never be achieved. At best, preservation techniques can only retard the
chemical and biological changes that inevitably continue after the sample is removed from the parent
source. The changes that take place in a sample are either chemical or biological. In the former case,
certain changes occur in the chemical structure of the constituents that are a function of physical
conditions. Metal cations may precipitate as hydroxides or form complexes with other constituents;
cations or anions may change valence states under certain reducing or oxidizing conditions; other
constituents may dissolve or volatilize with the passage of time. Metal cations may also adsorb onto
surfaces (glass, plastic, quartz, etc.), such as, iron and lead. Biological changes taking place in a
sample may change the valence of an element or a radical to a different valence. Soluble constituents
may be converted to organically bound materials in cell structures, or cell lysis may result in release
of cellular material into solution. The well known nitrogen and phosphorus cycles are examples of
biological influence on sample composition. Therefore, as a general rule, it is best to analyze the
samples as soon as possible after collection. This is especially true when the analyte concentration is
expected to be in the low ug/1 range.

Methods of preservation are relatively limited and are intended generally to (1) retard biological
action, (2) retard hydrolysis of chemical compounds and complexes, (3) reduce volatility of
constituents, and (4) reduce absorption effects. Preservation methods are generally limited to pH
control, chemical addition, refrigeration, and freezing.

The recommended preservative for various constituents is given in Table 1. These choices are based
on the accompanying references and on information supplied by various Quality Assurance
Coordinators. As more data become available, these recommended holding times will be adjusted to
reflect new information. Other information provided in the table is an estimation of the volume of
sample required for the analysis, the suggested type of container, and the maximum recommended
holding times for samples properly preserved.
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TABLE 1

N

RECOMMENDATION FOR SAMPLING AND PRESERVATION | w

OF SAMPLES ACCORDING TO MEASUREMENT®

Measurement

100 Physical Properties

Color
Conductance

Hardness

Odor

pH

Residue
Filterable

Non-
Filterable

Total

Volatile
Settleable Matter
Temperature

Turbidity

200 Metals

Dissolved

Suspended
Total

Vol.
Req.

(ml) Container? Preservative®*

50 P,G Cool, 4°C

100 - P,G- Cool, 4°C

100 PG HNO; to pH <2
200 G only Cool, 4°C

25 PG None Req.

10 PG Cool, 4°C

100 P,G Cool, 4°C

100 PG Cool, 4°C

100 P?G ng')lg 4£C
1000 . PG Cool, 4°C
1000 PG None Req. -
100 PG Cool, 4°C

200 P,G Filter on site

HNO; to pH<2

200 Filter on site
100 P.G HNO; to pH<2

xvi

Holding
Time®

48 Hrs. -
28 Days

6-Mos.
24 His.

Analyie
Immediately

7 Days |

7 Days
7 Days
7 Days
‘4’8 Hrs
.. Analyze

Immediately

6 Mos.

6 Mos.'®

6 Mos.




TABLE 1 (CONT)

"Vol.

Req. T Holding
Measurement - (ml) Container? Preservative®* Time®

Chromium*® o 200 P{(t;r T Cool, 4°C - ;... - 24 Hrs.

Mercury :
Dissolved 100 PG Filter c . 28 Days
HNO; to pH<2
Total . . 100 . PG . _HNO; to pH<2 28 Days °

300 Inorganics, Non-Metallics

Acidity 100 PG Cool, 4°C AR ‘14;Days
Alkalinity 100 PG . Cool, 4°C - 14 Days
Bromide 100 P,G NoneReq. - ‘ . 28 Days
Chloride 50. PG . Noné Req. - - 98 Days |
Chlorine 200 P,G None Req. Analyz(?

. o : Co Immediately
Cyanides 500 P,G : Cool, #C 14 Days’

- ‘ NaOH to pH >12 v
0.6g ascorbic acid$

Fluoride 300 P,G None Req. 28 Days
Todide 100 PG Cool, 4C 24 Hs.
Nitrogen , ‘

Ammonia 00 - PG  Cool#C , 98 Days

. HzSO4— to pH<2
Kijeldahl, Total 500 PG - Cool, C 28 Days
L ’ : .o : HZSO4 to pH<2 [ T

Nitrate plus Nitrite 100 . PG | ' Cool, 4C . .- . .28 Days -

S » H,SO, to pH<2 ‘

‘Nitrate® 100 PG . Cool, #C 48 Hrs,

Nitrite | 50 PG . Cool, 4C 48 Hrs.
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TABLE 1 (CONT)

Vol.
Req. Holding
Measurement (ml) Container® Preservative®* Time®
Dissolved Oxygen o
Probe 300 G bottleand top None Req. Analyze
. ) Immediately
Winkler 300 G bottle and top Fix on sité 8 Hours
and store
Phosphorus - _ . indark..
Ortho- ‘ ‘ 7 o , ' o
phosphate, 50 P,G ,Filter on site : _ 48 Hrs.
Dissolved Cool, 4°C
Hydrolyzable 50 P,G " Cool, 4°C | | 28 Days
stO4 tfo pH<2
Total 50 PG Cool, #C 98 Days
HzSO4 to pH<2 ‘ ‘
Total, 50 P,G : Filter on site - 24 Hirs.
Dissolved Cool, 4°C
© H,80, to pH<2 ‘
Silica . 50 P only - "Cool, 4°C ‘ 28 Days
Sulfate 50 PG ~ Cool, 4C 28 Days
Sulfide 500 PG ~ Cool, 4°G . 7Days
add 2 ml zinc : o
acetate plus NaOH
_ to pH >9 o
Sulfite 50 P,G None Req: Analyze
. - Immediately
400 Organics
BOD 1000 PG Cool, 4C - . 48 Hrs.
cop 50 PG " Cool, 4°C | 98 Days
' ‘ H,S0, to pH<2
Oil & Grease 1000 G only Cool; 4°C : ‘ 28 Days
© H,S80; to pH<2 :
Organic carbon 25 PG Cool, 4°C ‘ 28 Days
H,SO, or HCI to pH <2
Phenolics 500 G only Cool, 4°C 28 Days

HSO,to pH <2
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TABLE 1 (CONT)

Vol.
R ~ Req. ‘ Holding
Measurement ~  (ml)  Container® . Preservative®* - Time®

MBAS 250 PG Cool, 4°C . 48 Hrs.

" NTA 50 PG . . Cool, 4C 24 His.

More specific 1nstruct1ons for preservation and sampling are found with each procedure as
detailed in this manual. A general discussion on sampling water and industrial wastewater may
- be found in ASTM, Part 31, p. 72-82 (1976) Method D-3370.

Plastic (P) or Glass (G) For metals, polyethylene with a polypropylene cap (no l1ner) is
preferred.

Sample preservation should be performed immediately upon sample collection. For

composite samples each aliquot should be preserved at the time of collection. When use of

an automated sampler makes it impossible to preserve each aliquot, then samples may be
_preserved by maintaining at 4°C until compositing and sample splitting is completed.

When any sample is to be shipped by common carrier or sent through the United States
Mails, it must comply with the Department of Transportation Hazardous Materials
.. Regulations (49 CFR Part 172). The person offering such material for transportation is
responsible for ensuring such compliance. For the preservation requirements of Table 1,
the Office of Hazardous Materials, Materials Transportation Bureau, Department of
Transportation has determined that the Hazardous Materials Regulations do not apply to
-the following materials: Hydrochloric acid (HCI) in water solutions at concentrations of
0.04% by weight or less (pH about 1.96 or greater); Nitric acid (HNOg) in water solutions at
concentrations of 0.15% by weight or less (pH about 1.62 or greater); Sulfuric acid (H2SO4)
in water solutions at concentrations of 0.35% by weight or less (pH about 1.15 or greater);
Sodium hydroxide (NaOH) in water solutions at concentrations of 0.080% by weight or
less (pH about 12.30 or less).

Samples should be analyzed as soon as possible after collection. The times listed are the
maximum times that samples may be held before analysis-and still considered valid.
Samples may be held for longer periods only if the permittee, or monitoring laboratory,
has data on file to show that the specific types of sample under study are stable for the
longer time, and has received a variance from the Reglonal Administrator. Some samples

. may not be stable for the maximum time period given in the table. A permittee, or
momtormg laboratory, is obhgated to hold the sample for a shorter time if knowledge
exists to show this is necessary to maintain sample stab1hty

" "Should only be used in the. presence of residual chlorine.




Maximum holding time is 24 hours when sulfide is present. Optionally, all samples may
be tested with lead acetate paper before the pH adjustment in order to determine if sulfide
is present. If sulfide is present, it can be removed by the addition of cadmium nitrate
powder until a negative spot test is obtained. The sample is filtered and then NaOH is
added to pH 12. 0 o

Samples should be filtered immediatefy on-site before adding preservative for dissolved
metals.

For samples from non-chlorinated drinking water supplies conc. H2SO4should be added
to lower sample pH to less than 2. The sample should be analyzed before 14 days.

XX
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COLOR
Method 110.1 (Colorimetric, ADMI)

STORET NOS.
00082 at pH 7.6
00083 at ORIGINAL SAMPLE pH

1.  Scope and Application

1.1 This method is applicable to-colored waters and waste that have color characteristics
significantly different from the yellow platinum-cobalt standard.

1.2 A working range of 25 to 250 color units is recommended. Sample values above 250 units
may be determined by quantitative dilution.

2. Summary of Method

2.1 This method is an extension of the Tristimulus Filter Method®. Tristimulus values are
converted to an ADMI single number color difference, of the same magnitude assigned
to platinum-cobalt standards, using the Adams Nickerson Color Difference (DE).

2.2 Tristimulus values obtained by Spectrophotometric Method 204B' may be used to
calculate ADMI values as outlined in this procedure under Calculation 9.2.

3.  Interferences :

3.1 Since very slight amounts of turbidity interfere with the determination, turbid samples
must be filtered prior to analysis. The optimum filter media to remove turbidity without
removing color has not been found. Membrane and glass fiber filters with functional pore -
sizes of approximately 0.45 u are convenient to use. Other techniques such as
centrifuging and/or filter aids may be used.

4.  Sample Handling and Preservation

4.1 Since biological activity may change the color characteristics of a sample, the

determination should be made as soon as possible. Refrigeration at 4°C is recommended.
5.  Calibration

5.1 Standard curves must be established (as outlined in Procedure 8.3) for each photometer
used, and are not interchangeable. For color values less than 250, a 5 cm cell path is
recommended. Less than 5 cm cell paths may be used if calibration is performed with the
shorter cell. '

6.  Apparatus

6.1 Spectrophotometer or filter photometer capable of transmission measurements using

tristimulus filters listed below:
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Filter number . Wavelength of maximum  Corning designation*

transmittance in nm

590. . L CS 3-107
540 - . - CS 4-98
. 438 .. ... .. €850

*Available from Corning Glass Works, Optical Products Department,
Corning, NY 14830.

7.

Reagents

7.1

7.2
7.3

Standard chloroplatinate solution: Dissolve 1. 246 g potass1um chloroplatmate, K,PtCl,,
(equivalent to 0.500 g metallic Pt) and 1 g crystalline cobaltous chloride, CoCl,*6H,0, in
distilled water containing 100 ml of conc. HCI. Dilute to 1000 ml with distilled water.
This standard solution is defined as 500 ADMI color units. :

Sulfuric acid, concentrated.

Sodium hydroxide, 10 N: D1ssolve 40¢g of sodlum hydrox1de in 80 ml of dlstxlled water.
Cool to room temperature and dllute to 100 ml with dlstllled water.

Procedure

8.1

Prepare two 100 ml volumes of sample by maintaining the original pH of one aliquot and
adjusting the second aliquot as necessary to pH 7.6 with sulfuric ac1d @. 2) or sodium
hydroxide (7.3).

Filter samples to remove turbidity through a0, 45 u membrane ﬁlter, glass ﬁber filter or
other suitable media (see interferences 3.1).

Use distilled water to set the transmittance at 100% and then determme the
transmittance of the clarified sample or standard with. each of the three tristimulus
filters. Calibration standards from 25 to 250 unlts are recommended

Calculations

9.1

Calculate intermediate tristimulus values, for samples and standards from the
transtittance data in 8.3 using the followmg equatlons

X, = (T;x0.1899) + (T, x0.791) .

Ys = Tz

Z,=T;x1.1835
where:
T, = transmittance value in % using filter number 1

T, = transmittance value in % using filter number 2
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T; = transmittance value in % us1ng filter number 3

9.2 - Convert tristimulus values to the corresponding Munsell values V,, V,and V, by the use
of published tables™**, or the equation suggested by Bridgeman®. ,

9.3  Calculate DE values for samples and standards, construct a calibration curve by plotting
DE against ADMI units of standards and determine ADMI color units of samples from
the calibration curve. .

DE = V[0.23 X (V,c = V)I! + (V.. = V,) = (Vo = V)P + [0.4[(V,. — V) — (V0 —

" where sz, Vys and V = the Munsell values for X,, Y, and Z, respectlvely and V,,, V.

and V,, = the Munsell values for a blank solutlon whose tnstlmulus values are X, Y
and Z..
NOTE 1: If the photometer used is set at 100% transmittance with distilled water, the

e tristimulus values for the blank are 98.09, 100.00 and 118.35 for X, Y, and Z,

respectively. If necessary, tristimulus values for the blank are determined as in
calculation (9.1).

94 Report ADMI color values at pH 7.6 and at the original pH.

10.

el N

N

NOTE 2: The intermediate tristimulus values calculated under 9.1, using the three

tristimulus filters, are used only to calculate the ADMI color value. They should not be

reported as tristimulus values or used to determme dommant wavelength luminance and

purity. ‘
Precision and Accuracy

' 10.1 Accuracy data on actual samples cannotbe obtained. o

10.2 Precision data are not available at this time.
~ Bibliography

Standard Methods for the Examination of Water and Wastewater, 14th Edition (1975), p 64.
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COLOR
Method 110.2 (Colorimetric-Platinum-Cobalt)

~ STORET NOS.
TRUE COLOR 00080
APPARENT COLOR 00081

1. Scopeand Application
1.1 The Platinum-Cobalt method is useful for measuring color of water derived from
naturally occurring materials, i.e., vegetable residues such as leaves, barks, roots, humus
and peat materials. The method is not applicable to color measurement on waters
containing highly colored industrial wastes. See ADMI color method in this manual.
NOTE 1: The Spectrophotometric and Tristimulus methods are useful for detecting
specific color problems. The use of these methods, however, is laborious and unless
determination of the hue, purity, and luminance is desired, they are of limited value.
2. Summary of Method
2.1 Color is measured by visual comparison of the sample with platinum-cobalt standards.
~ One unit of color is that produced by 1 mg/1 platinum in the form of the chloroplatinate
ion. '
3.  Interferences _ :
3.1 Since very slight amounts of turbidity interfere with the determination, samples showing
visible turbidity should be clarified by centrifugation.
3.2 Method is pH dependent. '
4.  Sample Handling and Preservation
4.1 Representative samples shall be taken in scrupulously clean glassware.
4.2 Since biological activity may change the color characteristics of a sample, the
determination should be made as soon as possible. Refrigeration at 4°C is recommended.
5. Apparatus T :
5.1 Nessler tubes: Matched, tall form, 50 ml capacity.
6. Reagents
6.1 Standard chloroplatinate solution: Dissolve 1.246 g potassium chloroplatinate, K,PtCl,,
(equivalent to 0.500 g metallic Pt) and 1 g crystalline cobaltous chloride, CoCl2sH,0, in
distilled water containing 100 ml of conc. HCL. Dilute to 1000 ml with distilled water.
This standard solution is equivalent to 500 color units.
7.  Preparation of Standards
7.1 Prepare standards in increments from 5 to 70 units. The following seriqs is suggested:
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7.2

Ml of Standard Solution

Diluted to 50.0-ml - * “ ‘ Color in

with Distilled Water . Chloroplatinate Units
0.0 ' 0
0.5 5
1.0 10
1.5 15
2.0 ) 20
2.5 25
3.0 30
3.5 35
4.0 . 40
4.5 45
5.0 50
6.0 60
7.0 70

Protect these standards against evaporation and contamination by use of clean, inert
stoppers.

NOTE 2: The standards also must be protected against the absorption of ammonia since
an increase in color will result.

Procedure

8.1

8.2

Apparent color: Observe the color of the sample by filling a matched Nessler tube to the
50 ml mark with the water and compare with standards. This comparison is made by
looking vertically downward through the tubes toward a white or specular surface placed
at such an angle that light is reflected upward through the columns of liquid. If turbidity
has not been removed by the procedure given in (8.2), report the color as “apparent
color”. If the color exceeds 70 units, dilute the sample with distilled water in known
proportions until the color is within the range of the standards.

True color: Remove turbidity by centrifuging the sample until the supernatant is clear.
The time required will depend upon the nature of the sample, the speed of the motor, and
the radius of the centrifuge, but rarely will more than one hour be necessary. Compare
the centrifuged sample with distilled water to insure that turbidity has been removed. If
the sample is clear, then compare with standards as given in (8.1).

Calculation ”

9.1

Calculate the color units by means of the following equation:

Color units = -&)\(,—5-0-

where:

A = estimated color of diluted sample.
V = ml sample taken for dilution.
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9.2 Report theresults in whole numbers as folloWs:;",:‘

Color Units .- Record to Nearest
1-50 ’ e 1
51-100 5
101-250 o 10
251-500 : - 20

10.  Precision and Accuracy
10.1 Precision and accuracy data are not available at this time.

Bibliography

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 64, Method
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COLOR
Method 110.3 (Spectrophotometric)

STORET NO. 00080

1. Scope and Application
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial
wastes. It must be used for industrial wastes that cannot be determined by the Platinum-
Cobalt method.
2.  Summary of Method
2.1 Color characteristics are measured at pH 7.6 and at the original pH by obtaining the
visible absorption spectrum of the sample on a spectrophotometer. The percent
transmission at certain selected wavelengths is used to calculate the results.
2.2 The results are expressed in terms of dominant wavelength, hue, luminance, and purity.
. 3. Interferences
3.1 Since very slight amounts of turbidity 1nterfere with the determination, samples must be
filtered before analysis.
4.  Sample Handling and Preservation
- 4.1 Since biological activity may change the color characteristics of a sample, the
determination should be made as soon as possible. Refrigeration at 4°C is recommended.
5. Reference
5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewater, 14th Edition,
p 66, Method 204B (1975).
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CONDUCTANCE
Méthod 120.1 (Specific Conductance, umhos at 25°C)

STORET NO. 00095

1. Scope and Application

1.1 This method is applicable to drinking, surface, and saline wates, domestic and indus-

trial wastes and acid rain (atmospheric deposition). -
2. Summary of Method

2.1 Thespecific conductance of a sample is measured by use of a self-contained conduct1v1ty
meter, Wheatstone bridge-type, or equivalent.

2.2 Samples are preferable analyzed at 25°C. If not, temprature corrections aremade and

" results reported at 25°C.

3. Comments

3.1 Instrument must be standardized with KCI solution before daily use.

3.2 Conductivity cell must be kept clean.

3.3 Field measurements with comparable instruments are reliable.

3.4 Temperature variations and corrections represent the largest source of potential error.

. 4. Sample Handling and Preservation

4.1 Analyses can be performed either in the field or laboratory.

4.2 If analysis is not completed within 24 hours of sample collection, sample should be
filtered through a 0.45 micron filter and stored at 4°C. Filter and apparatus must be
washed with high quality distilled water and pre-rinsed with sample before use.

5. Apparatus

5.1 -Conductivity bridge, range 1 to 1000 umho per centimeter.

5.2 Conductivity cell, cell constant 1.0 or micro dipping type cell with 1.0 constant. YSI
#3403 or equivalent.

5.4 Thermometer

6. Reagents
6.1 Standard potassium chloride solutions, 0.01 M: Dissolve 0.7456 gm of pre-dned (2 hour
at 105°C) KCl in distilled water and dilute to 1 liter at 25°C.
7.  Cell Calibration
7.1 The analyst should use the standard potassium chloride solution (6.1) and the table
below to check the accuracy of the cell constant and conductivity bridge.
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Conductivity 0.01 m KCl

Micromhos/cm

1305
1332
1359
1386
1413
1441
1468
1496

Procedure

8.1 Follow the direction of the manufacturer for the operation of the instrument.

8.2 Allow samples to come to room temperature (23 to 27°C), if possible.

8.3 Determine the temperature of samples within 0.5°C. If the temperature of the samples
is not 25°C, make temperature correction in accordance with the instruction in Section
9 to convert reading to 25°.

Calculation

9.1 These temperature corrections are based on the standard KCl solution.
9.1.1  Ifthetemperature of the sample is below 25°C, add 2% of the reading per degree.
9.1.2  If the temperature is above 25°C, subtract 2% of the reading per degree.

9.2 Report results as Specific Conductance, umhos/cm at 25°.

Precision and Accuracy

10.1 Forty-one analysts in 17 laboratories analyzed six synthetic water samples containing
increments of inorganic salts, with the following results:

Increment as Precision as Accuracy as
Specific Conductance Standard Deviation Bias, Bias,
Yo umhos/cm

100 7.55 -2.02 -2.0
106 8.14 -0.76 -0.8
. 808 66.1 -3.63 -29.3
848 79.6 —4.54 -38.5
1640 106 -5.36 -87.9
1710 119 -5.08 -86.9

(FWPCA. Method Study 1, Mineral and Physical Analyses.)

10.2 In a single laboratory (EMSL) using surface water samples with an a\{erage'
conductivity of 536 umhos/cm at 25°C, the standard deviation was 16.




Sl
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HARDNESS, Total (mg/1 as CaCO)
Method 130.1 (Colorimetric, Automated EDTA)

STORET NO. 00900

1.  Scopeand Application
1.1 This automated method is applicable to drinking, surface, and saline waters. The
applicable range is 10 to 400 mg/1 as CaCO,. Approximately 12 samples per hour can be
analyzed.
2.  Summary of Method
2.1 The magnesium EDTA exchanges magnesium on an equivalent basis for any calcium
and/or other cations to form a more stable EDTA chelate than magnesium. The free
magnesium reacts with calmagite at a pH of 10 to give a red-violet complex. Thus, by
measuring only magnesium concentration in the final reaction stream, an accurate
measurement of total hardness is possible. :
3.  Sample Handling and Preservation
3.1 Coolto4°C, HNO, to pH < 2.
4.  Interferences
4.1 Nosignificant interferences.
5.  Apparatus
5.1 Technicon AutoAnalyzer consisting of:
5.1.1 Sampler L.
5.1.2 Continuous Filter.
5.1.3 Manifold.
5.1.4 Proportioning Pump. ‘ ,
5.1.5 Colorimeter equipped with 15 mm tubular flow cell and 520 nm filters.
5.1.6 Recorder equipped with range expander.

6.  Reagents
6.1 Buffer: Dissolve 67.6 g NH,Cl in 572 ml of NH,OH and dilute to 1 liter with distilled
water.

6.2 Calmagite Indicator: Dissolve 0.25 g in 500 ml of distilled water by stirring
approximately 30 minutes on a magnetic stirrer. Filter.

6.3 Monomagnesium ethylenediamine-tetraacetate (MgEDTA): Dissolve 0.2 g of MgEDTA
in 1 liter of distilled water.

6.4 Stock Solution: Weigh 1.000 g of calcium carbonate (pre-dried at 105°C) into 500 ml
Erlenmeyer flask; add 1:1 HCI until all CaCO; has dissolved. Add 200 ml of distilled
water and boil for a few minutes. Cool, add a few drops of methyl red indicator, and
adjust to the orange color with 3N NH,OH and dilute to 1000 ml with distilled water. 1.0
ml = 1.0 mg CaCO,. '
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6.5

6.4.1 Dilute each of the following volumes of stock solutions to 250 ml in a volumetric
flask for appropriate standards:

Stock Solution, ml R CaCQ3,, mg/ 1‘

.25 L L hamee e -10.0
50 o L . 200
10.0 40.0
15.0 o 60.0
25.0 A 100.0
35.0 140.0
50.0 S .. s, 2000
75.0 300.0

100.0 o 4000

Ammonium Hydroxide, 1N: Dilute 70 ml of conc. NH,OH to 1 liter with distilled water.

Procedure

7.1

7.2

7.3

74

7.5

7.6

7.7

Pretreatment

7.1.1 For drinking waters, surface waters, saline waters, and dilutions thereof, no
pretreatment steps are necessary. Proceed to 7.2.

7.1.2 For most wastewaters, and highly polluted waters, the sample must be digested as
given in the Atomic Absorption Methods section of this manual, paragraphs 4.1.3
and 4.1.4. Following this digestion, proceed to 7.2.

Neutralize 50.0 ml of sample with IN ammonium hydroxide (6.5) and note volume of

NH,OH used.

Set up manifold as shown in Figure 1.

Allow both colorimeter and recorder to warm up for 30 minutes. Run a baseline with all

reagents, feeding distilled water through the sample line. Adjust dark current and

operative opening on colorimeter to obtain stable baseline.

Place distilled water wash tubes in alternate openings in Sampler and set sample timing

at 2.5 minutes.

Arrange working standards in Sampler in order of decreasing concentrations. Complete

loading of Sampler tray with unknown samples.

Switch sample line from distilled water to Sampler and begin analysis.

Calculation

8.1

Prepare standard curve by plotting peak heights of processed standards against
concentration values. Compute concentration of samples by comparing sample peak
heights with standard curve. Correct for amount of NH,OH used in 7.2 as follows:

mg/l = %x B
where:

A= Vol. of sample plus volume of NH,OH
B = Concentration from standard curve




. Precision and Accuracy

9.1 Inasingle laboratory (EMSL), using surface water samples at concentrations of 19, 120,
385, and 366 mg/1 as CaCO,, the standard deviations were +1. 5, £1.5, +4.5,and 5.0,
respectively.

9.2 In asingle laboratory (EMSL), using surface water samples at concentrations of 39 and
296 mg/1 as CaCO,, recoveries were 89% and 93%, respectively.

Bibliography

Technicon AutoAnalyzer Methodology, Bulletin No. 2, Technicon Controls, Inc., Chauncey,
New York (July 1960).

Standard Methods for the Examination of Water and Wastewater, 14th Edltlon, p 202,
Method 309B (1975). : :
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HARDNESS, Total (mg/1 as CaCQO,)
Method 130.2 (Titrimetric, EDTA)

STORET NO. 00900

1.  Scope and Application :

1.1 This method is applicable to drinking, surface, and salme waters, domestlc and industrial
wastes. '

1.2 The method is suitable for all concentration ranges of hardness; however, 'in order to .
avoid large titration volumes, use a sample aliquot contammg not more than 25 mg*
CaCoO,.

1.3 Automated titration may be used.

2. Summary of Method '

2.1 Calcium and magnesium ions in the sample are sequestered upon the addition of
disodium ethylenediamine tetraacetate (Na,EDTA). The. end point of the reaction is
detected by means of Eriochrome Black T indicator, which has a red color in the
presence of calcium and magnesiumand a blue color when the cations are sequestered

3. 'Sample Handling and Preservation :

3.1 Coolto4°C, HNO; topH < 2

4. Comments :

4.1 Excessive amounts of heavy metals can mterfere Th1s is usually overcome by’
complexing the metals with cyanide. :

4.1.1 Routine addition of sodium cyamde solution (Cautlon deadly p01son) to prevent
potential metallic mterference is recommended.

S. 'Apparatus

5.1 Standard laboratory tltnmetrxc equlpment
6. Reagents

6.1 Buffer solution

6.1.1 If magnesium EDTA is available: Dissolve; 16 9 g NH,C1 in 143 ml conc..
NH,OH in a 250 m1 volumetric, add 1.25 g of magnesium salt of EDTA and dilute
to the mark with distilled water. Then go t0 6.1.3.

6.1.2 If magnesium EDTA is unavailable: Dissolve 1.179 g disodium EDTA (analytical
reagent grade) and 780 ‘mg MgSO,7H,0 (or 644 mg MgCl,»6H,0) in 50 ml
distilled water. Add this solution to a 250-m1 volumetric flask containing 16.9.g
NH4CI and 143 ml conc. NH.,,OH w1th mixing and dilute to the mark with
distilled water.

6.1.3 Store in a tightly stoppered plastlc botile; stable for approximately one month
Dispense with bulb operated pipet. Discard when 1 or 2 ml added to sample falls to
produce a pH of 10.0 +0.1 at end point of titration.

¥
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6.2

6.3

6.4

6.1.4 Commercially available “odorless buffers” which are more stable, may be used.
Inhibitors: For most waters inhibitors are not necessary. If interfering ions are present
use one of the following:

6.2.1 Inhibitor I: NaCN powder. (Caution: extremely poisonous). Flush solutions or
sample containing this down drain using large quantities of water. Make sure no
acids are present which might liberate HCN gas.

6.2.2 Inhibitor II: Dissolve 5.0 g Na,S*9 H,O or 3.7 g Na,S5 H,0 in 100 ml d1st111ed
water. Exclude air with tightly fitted rubber stopper. This gives sulfide precipitates
which may obscure the end point if large quantities of heavy metals are present.
Deteriorates rapidly through air oxidation.

6.2.3 Inhibitor III: Dissolve 4.5 g hydroxylamine hydrochloride in 100 ml of 95%
ethanol or isopropanol.

Indicator: Use a commercially available indicator such as Calmaglte indicator

(Mallinckrodt) or one of the formulations described below (6.3.1-6.3.3)

6.3.1 Mix 0.5 g Eriochrome Black T with 4.5 g hydroxylamine hydrochloride. Dissolve
in 100 m1 of 95% ethanol or isopropanol.

6.3.2 Dissolve 0.5 to 1.0 g Eriochrome Black T in an appropriate solvent such as
triethanolamine or 2-methoxyethanol. Stable approximately one week.

6.3.3 Mix together 0.5 g Eriochrome Black T and 100 g NaCl.

Standard EDTA titrant, 0.02 N:!Place 3.723 g analytical reagent grade disodium

ethylenediamine tetraacetate dihydrate, Na,H,C,H,,0;N,*2 H,O in a 1 liter volumetric

flask and dilute to the mark with distilled water. Check with standard calcium solution

(6.4.1) by titration (6.4.5). Store in polyethylene. Check periodically because of gradual

deterioration.

6.4.1 Standard calcium solution 0.02 N: Place 1.000 g anhydrous calcium carbonate
(primary standard low in metals) in a 500 m1 flask. Add, a littleata time, 1 +1
HCL (6.4.2) until all of the CaCOs has dissolved. Add 200 ml distilled water.
Boil for a few minutes to expel CO2. Cool. Add a few drops of methyl red
indicator (6.4.83) and adjust to intermediate orange color by adding 3N
NH4OH (6.4.4) or 1 + 1 HCI (6.4.2) as required. Quantitatively transfer to a
1 liter volumetric flask and dilute to mark with distilled water. '

6.4.2 Hydrochloric acid solution, 14-1.

6.4.8 Methyl red indicator: Dissolve 0.10 g methyl red in distilled water in a 100 ml

volumetric flask and dilute to the mark.
6.4.4 Ammonium hydroxide solution, 3 N: Dilute 210 ml of conc. NH,OH to 1 liter with

distilled water.

6.4.5 Standardization titration procedure: Place 10.0 ml standard calcium solution
(6.4.1) in vessel containing about 50 m1 distilled water. Add 1 m1 buffer solution
(6.1). Add 1-2 drops indicator (6.3) or small scoop of dry indicator (6.3.3). Titrate
slowly with continuous stirring until the last reddish tinge disappears, adding last
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few drops at 3-5 second intervals. At end point the color is blue. Total titration
duration should be 5 minutes from the time of buffer addition.:

0.2

NofEDTA = o rbTA

6. 5 Ammonium Hydroxide, 1N: Dilute 70 ml of conc. NH4OH to 1 liter wrth drstllled water.
Procedure : : R

Pretreatment S

7.1.1 For drinking waters, surface waters, saline waters, and dllutrons thereof no

7.1

pretreatment steps are necessary. Proceed to 7.2: :

7.1.2 For most wastewaters, and highly polluted waters, the sample must be digested as
given in the Atomic Absorption Methods section of this manual paragraphs 4.1.3
and 4.1.4. Following this digestion, proceed to 7.2. .

Titration of sample-normal to high hardness:

7.2.1 Sample should require <15 ml EDTA titrant (6 4) and t1trat10n should be
completed within 5 minutes of buffer addition.

7.2.2 Place 25.0 m1 sample in titration vessels, neutralize w1th IN ammonium hydrox1de
(6.5) and dilute to about S0 m1.

7.2.3 Add 1 to 2 m1 buffer solution (6 1). :

7.2.4 If end point is not sharp (as determined by practice run) add 1nh1b1tor at-this point
(see 7.4).

7.2.5 Add 1 to 2 drops indicator solutron (6.3.1 or 6.3.2) or small scoop of drled powder
indicator formulation (6.3.3).

7.2.6 Titrate slowly with continuous stirring with standard EDTA tltrant (6 4) untll last
reddish tint disappears. Solution is normally blue at end point. ‘

Titration of sample-low hardness (less than 5 mg/1) ' :

7.3.1 Use alarger sample (100 m1)

7.3.2 Use proportionately larger amounts of buffer, inhibitor and mdrcator

7.3.3 Use a microburet and run a blank using redistilled, distilled or deromzed water.

To correct for interferences: PR :

7.4.1 Some metal ions interfere by causing fading or 1ndlst1nct end points. Inhibitors
reduce this in accord with the scheme below for 25.0 m1 samples diluted to 50 m1.




Maximum Concentrations of Interferences Permissible
with Various Inhibitors?

Interfering Maximum Interference
Substance Concentration mg/1

Inhibitor I Inhibi.ior n Inhibitor III
Aluminum 20 20 20
Barium b b b
Cadmium b 20 b
Cobalt over 20 0.3 oc
Copper over 30 20 0.3:
Iron over 30 5 20
Lead b 20 b
Manganese (Mn?") b | 1 : ‘ |
Nickel over 20 03 oc
Strontium b . b b
Zinc b 200 b
Polyphosphate 10
a Based on 25-ml sample diluted to 50 ml.
b Titrates as hardness.
c Inhibitor fails if substance is present.

7.4.2 Inhibitor I: At step 7.2.4 add 250 mg NaCN. Add sufficient buffer to achieve pH
10.0 0.1 to offset alkalinity resulting from hydrolysis of sodium cyanide.
7.4.3 Inhibitor IT: At step 7.2.4 add 1 m1 of inhibitor II (6.2.2)
7.4.4 Inhibitor III: At step 7.2.4 add 1 m1 of inhibitor III (6.2.3).
8.  Calculations:

Hardness (EDTA) %'\ A x N x 50,000
mg CaCO%1 o ml sample

where:
A = ml EDTA titrant (6.4)
N = normality of EDTA titrant.
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Precision and Accuracy
9.1 Forty-three analysts in nineteen laboratories analyzed six synthetic water samples
containing exact increments of calcium and magnesium salts, with the following results:

Increment as Precision as . ' | Accuracy as
Total Hardness Standard Deviation Bias, Bias,
- mg/liter, CaCO, mg/liter, CaCO, % mg/liter, CaCO,

31 . | -0.87 -0.003

33 . -0.73 ~0.24
182 . 8 -0.19 0.4
194 . ~1.04 -2.0
417 . -3.35 ~13.0
444 ) -3.23 -143

(FWPCA Method Study 1, Mineral and Physical Analyses)
9.2 In asingle laboratory (EMSL), using surface water samples at an average concentration
of 194 mg CaCO,/1, the standard deviation was +3.
9.3 A synthetic unknown sample containing 610 mg/1 total hardness as CaCO, contributed
by 108 mg/1 Ca and 82 mg/1 Mg, and the following supplementary substances: 3.1 mg/1
K, 19.9 mg/1 Na, 241 mg/1 chloride, 0.25 mg/1 nitrite N, 1.1 mg/1 nitrate N, 259 mg/1
sulfate, and 42.5 mg/1 total alkalinity (contributed by NaHCQ,) in distilled water was
analyzed in 56 laboratories by the EDTA titrimetric method with a relative standard
deviation of 2.9% and a relative error of 0.8%..
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ODOR !
Method 140.1 (Threshold Odor, Consistent Series)

STORET NO. 60°C: 00086
Room Temp: 00085

1. Scopeand Application :

1.1  This method is applicable to the determination of threshold odor of drinking, surface,
and saline waters, domestic and industrial wastes. v

1.2 Highly odorous samples are reduced in concentration proportionately before being
tested. Thus, the method is applicable to samples ranging from nearly odorless natural
waters to industrial wastes with threshold odor numbers in the thousands..

2. Summary of Method® ‘

2.1 The sample of water is diluted with odor-free water until a dilution that is of the least
definitely perceptible odor to each tester is found. The resulting ratio by which the
sample has been diluted is called the “threshold odor number” (T.O.N.).

2.2 People vary widely as to odor sensitivity, and even the same person will not be consistent

~ in the concentrations they can detect from day to day. Therefore, panels of not less than
five persons, and preferably 10 or more, are recommended to overcome the variability of
using one observer.” As an absolute minimum, two persons are necessary: One to make
the sample dilutions and one to determine the threshold odor.
3. Sample Handling and Preservation

3.1 Water samples must be collected in glass bottles with glass or Teflon-lined closures.
Plastic containers are not reliable for odor samples and must not be used.

3.2 Odor tests should be completed as soon as possible after collection of the sample. If
storage is necessary, collect at least 1000 ml of sample in a bottle filled to the top.
Refrigerate, making sure no extraneous odors can be drawn into the sample as the water
cools.

4.  Interferences .

4.1 Most tap waters and some waste waters are chlorinated. It is often desirable to determine
the odor of the chlorinated sample as well as of the same sample after removal of
chlorine. Dechlorination is achieved using sodium thiosulfate in exact stoichiometric
quantity. .

4.1.1 Tt is important to check a blank to which a similar amount of dechlorinating agent
has been added to determine if any odor has been imparted. Such odor usually
disappears upon standing if excess reagent has not been added.

5.  Apparatus

5.1 Odor-free glassware: Glassware must be freshly cleaned shortly before use, with non-

odorous soap and acid cleaning solution followed by rinsing with odor-free water (6.1).

Issued 1971
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5.4
5.5
5.6
5.7
5.8

Glassware used in odor testing should be reserved for that purpose only. Rubber, cork,
and plastic stoppers must not be used. ‘

Constant temperature bath: A water bath or electric hotplate capable of maintaining a
temperature control of +1°C for performing the odor test at 60°C. The temperature bath
must not contribute any odor to the odor flasks.

Odor flasks: Glass stoppered 500 ml (¥32) Erlenmeyer flasks, or wide-mouthed 500 ml
Erlenmeyer flasks equipped with Petri dishes as cover plates.

NOTE: Narrow-mouth vessels are not suitable for running odor tests. Potential positive
bias due to color and/or turbidity of water sample under observation can be eliminated
by wrapping odor flasks in aluminum foil, painting flasks with non-odorous paint, or by
using red actinic Erlenmeyer flasks.

Sample bottles: Glass bottles with glass or Teflon-lined closures.

Pipets, measuring: 10.0 and 1.0 ml graduated in tenths.

Graduated cylinders: 250, 200, 100, 50, and 25 ml.

Thermometer: 0—110°C (£1°C), chemical or metal stem dial type.

Odor-free water generator: See Figure 1.

Reagents

6.1

Odor-free water: Odor-free dilution water must be prepared as needed by filtration
through a bed of activated carbon. Most tap waters are suitable for preparation of odor-
free waters, except that it is necessary to check the filtered water for chlorine residual,
unusual salt concentrations, or unusually high or low pH. All these may affect some
odorous samples.

‘Where supplies are adequate, distilled water avoids these problems as a source of odor-

free water. A convenient odor-free water generator may be made as shown in Figure 1.

Pass tap or distilled water through the odor-free water generator at a rate of 0.1

liter/minute. When the generator is first started, it should be flushed to remove carbon -

fines before the odor-free water is used.

6.1.1 The quality of water obtained from the odor-free water generator should be
checked daily at the temperature tests are to be conducted (room temperature
and/or 60°C). The life of the carbon will vary with the condition and amount of
water filtered. Subtle odors of biological origin are often found if moist carbon
filters are permitted to stand idle between test periods. Detection of odor in the
water coming through the carbon indicates a change of carbon is needed.

Procedure

7.1

Precaution: Selection of persons to make odor tests should be carefully made. Extreme

sensitivity is not required, but insensitive persons should not be used. A good observer
has a sincere interest in the test. Extraneous odor stimuli such as those caused by
smoking and eating prior to the test or through the use of scented soaps, perfumes, and
shaving lotions must be avoided. The tester should be free from colds or allergies that
affect odor-response. Frequent rests in an odor-free atmosphere are recommended. The
room in which the tests are to be conducted should be free from distractions, drafts, and
other odor. In certain industrial atmospheres, a special odor-free room may be required,
ventilated by air filtered through activated carbon and maintained at a constant
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7.3

* comfortable temperature and humidity. For precrse work a panel of ﬁve or more testers

should be used. The persons making the odor measurements should not prepare the
samples and should not know the dilution concentrations being evaluated These persons
should have been made familiar with the procedure before partlclpatmg in a panel test.
Always start.with the most dilute sample to avoid tiring the senses with the concentrated

‘sample. The temperature of the samples during testmg should be kept w1th1n 1 degree of

the specified temperature for the test.

'Threshold measurement: The ratio by which the odor-bearmg sample has to be diluted

with odor-free water for the odor to be just detectable by the odor test is the “threshold
odor number” (T.O. N.). The total volume of sample and odor-free water used in each
test is 200 ml. The proper volume of odor-free water is put into the flask first; the sample
is then added to the water Table 1 gives the dilutions and correspondmg threshold
numbers.

Table 1

Threshold Odor Number
Corresponding to Various Dilutions -

Sample Volume (ml) - e - ‘Threshold Odor

Diluted to 200 ml o T . " Number -
200 1
100 2
50 4
25 ‘ » : 8
12.5 S . 16
6.3 ‘ ‘ 32
3.1 64
1.6 o . 128 ¢
- 0.8 v . 256 -

Determine the approximate range of the threshold odor by N
7. 3 1 Adding 200 ml, 50 ml, 12.5 ml, and 3.1 ml of the sample to separate 500 ml glass-
stoppered Erlenmeyer flasks containing odor-free water to make a total volume of
200 ml. A separate flask containing only odor-free water serves as the reference for
comparison. If run at 60°C, heat the drlutlons and the reference in the constant
temperature bath at 60°C (+1°C).
7. 3.2 Shake the flask containing the odor-free water, remove the stopper, and sniff the
. vapors. Test the sample containing the least amount of odor-bearing water in the
same way. If odor can be detected in this dilution, more dilute samples must be
' prepared as described in (7.3.3). If odor cannot be detected i in the ﬁrst dilution,
_ repeat the above procedure using the sample containing ‘the next higher
' concentration of the odor—beanng water, and contmue this process until odor is
clearly detected
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7.4

7.5

7.3.3 If the sample being tested requires more extensive dilution than is provided by
Table 1, an intermediate dilution is prepared from 20 ml of sample diluted to 200
ml with odor-free water. Use this dilution for the threshold determination.
Multiply the T.O.N. obtained by ten to correct for the intermediate dilution. In
rare cases more than one tenfold intermediate dilution step may be required.
Based on the results obtained in the preliminary test, prepare a set of dilutions using
Table 2 as a guide. One or more blanks are inserted in the series, in the vicinity of the
expected threshold, but avoiding any repeated pattern. The observer does not know
which dilutions are odorous and which are blanks. He smells each flask in sequence,
beginning with the least concentrated sample and comparing with a known flask of odor-
free water, until odor is detected with utmost certainty.

Table 2
Dilutions for Various Odor Intensities

Sample‘ Volume in Which Odor First Noted
200 ml 50 ml 125 ml 3.1 ml

Volume (ml) of Sample to be Diluted to.200 ml

200 100 50 (intermediate
100 50 25 Dilution
50 25 - 12.5 See 7.3.3)
25 12.5 6.3
12.5 6.3 3.1

Record the observations of each tester by indicating whether odor is noted (+ sign) in
each test flask.

For example:

ml sample
diluted to 200 ml 12.5 0. 25 0 50 100 200
Response o - - + - + + +
Calculations
8.1 The threshold odor number is the dilution ratio at which odor is just detectable. In the

8.2

example above (7.5), the first detectable odor occurred when 25 ml sample was diluted to
200 ml. Thus, the threshold is 200 divided by 25, equals 8. Table 1 lists the threshold odor
numbers that correspond to common dilutions.

‘Anomalous responses sometimes occur; a low concentratlon may be called positive and a

higher concentration in the series may be called negative. In such a case, the threshold is
designated as that point of detection after which no further anomalies occur.
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For instance:
ml sample
diluted to 200 ml . 25

Response + +
threshold : 4.
~Threshold

8.3 Calculations of panel results to find the most probable avérage threshold are best

accomplished by appropriate statistical methods. For most purposes, the threshold of a
group can be expressed as the geometric mean of the individual thresholds. The
geometric mean is calculated in the following manner: ‘
8.3.1 Obtain odor response as outlined in Procedure and record results.

For example:

Table 3
Sample Odor Series

ml of Odor- ml of Observer Response*
free water Sample 2 3 4

188
175
200
150
200
100

0

*Circled

12.5 - -
25 - +
0 - -
50 - -
0 - -
100 : @ @
200 + +

plus equals threshold level.

8.3.2 Obtain individual threshold odor numbers from Table 1.

Observer

8.3.3 The geometric mean is equal to the nth root of the product of n numbers.
Therefore:

4x8%xX2x2x8=1,04

and V1,024 = log 1,024 = 3.0103 = 0.6021
: 5 5

and anti-log of 0.6021 = 4 = T:O.N.




9.

Precision and Accuracy

9.1 Precision and accuracy data are not available at this time.

9.2 A threshold number is not a precise value. In the case of the single obser\;ér, it represents
a judgment at the time of testing. Panel results are more meaningful because individual
differences have less influence on the result. One or two observers can develop useful data .
if comparison with larger panels has been made to check their sensitivity. Comparisons
of data from time to time or place to place should not be- attempted unless all test

" conditions have been carefully standardlzed and some bas1s for companson of observer
intensities exists. o
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pH
Method 150.1 (Electrometric)

- STORET NO.
Determined on site 00400
Laboratory 00403

1. Scopeand Application

1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial

wastes and acid rain (atmospheric deposition).
2.  Summary of Method

2.1 The pH of a sample is determined electrometrically using either a glass electrode in

combination with a reference potential or a combination electrode.
3.  Sample Handling and Preservation :

3.1 Samples should be analyzed as soon as possible preferably in the field at the time of
sampling.

3.2 High-purity waters and waters not at equlllbrlum with the atmosphere are subject to
changes when exposed to the atmosphere, therefore the sample containers should be
filled completely and kept sealed prior to analysis.

4.  Interferences

4.1 The glass electrode, in general, is not subject to solution interferences from color,
. turbidity, colloidal matter, oxidants, reductants or high salinity. . ‘

4.2 Sodium error at pH levels greater than 10 can be reduced or eliminated by using a “low
sodium error” electrode.

4.3 Coatings of oily material or particulate matter can impair electrode response. These
coatings can usually be removed by géntle wiping or detergent washing, followed by
distilled water rinsing. An additional treatment with hydrochloric acid (1 + 9) may be
necessary to remove any remaining film. :

4.4 Temperature effects on the electrometric measurement of pH arise from two sources.
The first is caused by the change in electrode output at various temperatures. This
interference can be controlled with instruments having temperature compensation or by
calibrating the electrode-instrument system at the temperature of the samples. The
second source is the change of pH inherent in the sample at various temperatures. This
error is sample dependent and cannot be controlled, it should therefore be noted by
reporting both the pH and temperature at the time of analysis.

5.  Apparatus

5.1 pH Meter-laboratory or field model. A wide variety of instruments are commercially

available with various specifications and optional equipment.

¥
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5.2 Glasselectrode.

5.3 Reference electrode—a calomel, silver-silver chloride or other reference electrode of
constant potential may be used.

NOTE 1: Combination electrodes incorporating both measuring 'and reference

functions are convenient to use and are available with solid, gel type filling materials that

require minimal maintenance.

5.4 Magnetic stirrer and Teflon-coated stirring bar.

5.5 Thermometer or temperature sensor for automatic compensation.

Reagents

6.1 Primary standard buffer salts are available from the National Bureau of Standards and
should be used in situations where extreme accuracy is necessary.

6.1.1 Preparation of reference solutions from these salts require some special precautions
and handling® such as low conductivity dilution water, drying ovens, and carbon
dioxide free purge gas. These solutions should be replaced at least once each
month.

6.2 Secondary standard buffers may be prepared from NBS salts or purchased as a solution
from commercial vendors. Use of these commercially available solutions, that have been
validated by comparison to NBS standards, are recommended for routine use,

Calibration ‘

7.1 Because of the wide variety of pH meters and accessories, detailed operating procedures
cannot be incorporated into this method. Each analyst must be acquainted with the
operation of each system and familiar with all instrument functions. Special attention to
care of the electrodes is recommended.

7.2 Each instrument/electrode system must be calibrated at a minimum of two points that
bracket the expected pH of the samples and are approximately three pH units or more
apart.

7.2.1 Various instrument designs may involve use of a “balance” or “standardize” dial
and/or a slope adjustment as outlined in the manufacturer’s instructions. Repeat
adjustments on successive portions of the two buffer solutions as outlined in
procedure 8.2 until readings are within 0.05 pH units of the buffer solution value.

Procedure

8.1 Standardize the meter and electrode system as outlined in Section 7.

8.2 Place the sample or buffer solution in a clean glass beaker using a sufficient volume to
cover the sensing elements of the electrodes and to give adequate clearance for the
magnetic stirring bar. |
8.2.1 If field measurements are being made the electrodes may be immersed directly in

the sample stream to an adequate depth and moved in a manner to insure sufficient
sample movement across the electrode sensing element as indicated by drift free
(<0.1 pH) readings. ‘

8.3 Ifthe sample temperature differs by more than 2°C from the buffer solution the measured

pH values must be corrected. Instrumgnts are equipped with automatic or manual

'National Bureau of Standards Special Publication 260.
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10.

compensators that electronically adjust for temperature dlfferences Refer to
manufacturer’s instructions. ' : ' '
8.4 After rinsing and gently wiping the electrodes, if necessary, immerse them into the
‘ sample beaker or sample stream and stir at a constant rate to provide homogeneity and
- suspension of solids. Rate of stirring should minimize the air transfer rate at the air water
interface of the sample. Note and record sample pH and temperature. Repeat
measurement on successive volumes of sample until values differ by less than 0.1 pH
units. Two or three volume changes are usually sufficient.

8.5 For acid rain samples it is most important that the magnetic stirrer is not used.
Instead, swirl the sample gently for a few seconds after the introduction of the
electrode(s). Allow the electrode(s) to equilibrate. The air-water interface should

' 'not be disturbed while measurement is being made. If the sample is not in
equilibrium with the atmosphere, pH values will- change as the
dissolved gases are either absorbed or desorbed. Record sample pH and
temperature.

Calculation

9.1 pH meters read directly in pH umts Report pH to the nearest 0.1 unit and temperature
to the nearest °C.,

Precision and Accuracy ‘

10.1 Forty-four analysts in twenty laboratories analyzed six synthetic water samples

' - containing exact increments of hydrogen-hydroxyl ions, with the following results:

vy

Accuracy as

" pH Units ‘ - Standard Deviation . Bias, . Bias,

. C pH Units : , % . pH Units
3.5 ‘ 0.10 , -0.29 o =0.01

3.5 . 0.11 ‘ —0.00 Co

7.1 - . . 0.20 : o +-1.01 +0.07
7.2 . 0.18 _ i . —-0.03 - . -0.002
8.0 { 0.13 -0.12 » v -0.01
8.0 : 0.12 S 0.6 ’ T +0.01

(FWPCA Method Study .1, Mineral and Physical Analyses)

Lo =

10 2 In'asingle laboratory (EMSL), usmg surface water samples at an average pH of 7.7, the
standard deviation was +0.1.
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Test Method

pH, Continuous Monitoring
(Electrometric)—

1. Scope and Application

1.1 This method is applicable to the
continuous pH measurement of
drinking, surface, and saline waters,
domestic and industrial waste waters.

2. Summary of Method

2.1 The pH of a sample is determined
electrometrically using a glass
electrode with a reference electrode
or a single combination electrode.

3. Sample Handling and
Preservation

3.1 The composition of the water or
waste contacting the measuring
electrode system must be
representative of the total flow from
the water body.

4. Interferences

4.1 The glass electrode, in general,
is not subject to solution interferences
from color, turbidity, cotloidal matter,
oxidants, reductants or high salinity.

4.2 Sodium error at pH levels
greater than 10 can be reduced or
eliminated by using a “low sodium
error’’ electrode.

4.3 Manually inspect the conditions
of the electrodes every 30 days for
coating by oily materials or buildup of
lime. If oil and grease and/or scale
buildup are not present, this time
interval may be extended.

4.3.1 Coatings of oil, grease and
very fine solids can impair electrode
response. These can usually be
removed by gentle wiping and
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detergent washing. The use of flow-
through electrode housings which
provide higher flow velocity helps to
prevent the coating action.

4.3.2 Heavy particulate matter such
as lime accumulation can be removed
by careful scrubbing or immersion in
dilute (1+9) hydrochloric acid.
Continuous monitoring under these
conditions benefits from ultrasonic or
other in-line continuous cleaning
methods.

4.4 Temperature effects on the
electrometric measurement of pH
arise from two sources. The first is
caused by the change in electrode
output at various temperatures. This
interference can be controlled with
instruments having temperature
compensation or by calibrating the
electrode-instrument system at the
temperature of the samples. For best
results, meters having automatic
temperature compensation should be
calibrated with solutions within 5°C of
the temperature of the stream to be
measured. The second source is the
change of pH inherent in the sample
at various temperatures. This error is
sample dependent and cannot be
controlled, it should therefore be
noted by reporting both the pH and
temperature at the time of analysis.

5. Apparatus

5.1 pH Monitor - A wide variety of
instruments are commercially
available with various specifications
and optional equipment. For
unattended use, the monitor should
be equipped with automatic or fixed




temperature compensation and with a
recorder or alarm function.

6.2 Glass electrode - with shielded
cable between electrode and monitor
unless preamplification is used.

6.3 Reference electrode - a
reference electrode with a constant
potential and with either a visible
electrolyte or viscous gel fill.

NOTE 1: Combination electrodes in-
corporating both measuring and refer-
ence functions are convenient to use
and are available with solid, gel-type fil-
ling materials that require minimal
maintenance.

6.4 Temperature sensor - for
automatic compensator covering
general ambient temperature range.

6.6 Electrode mounting - to hold
electrodes; may be flow through (for
small flows), pipe mounted or
immersion.

6. Reagents

6.1 Primary standard buffer salts are
available from the National Bureau of
Standards and should be used in
gituations where extreme accuracy is
required.

6.7.17 Preparation of reference
solutions from these salts require
some special precautions and
handling® such as low conductivity
dilution water, drying ovens, and
carbon dioxide free purge gas. These
solutions should be replaced at least
once each month.

6.2 Secondary buffers may be
prepared from NBS salts or purchased
as a solution from commercial
vandors. Use of these commercially
available solutions, which have been
validated by comparison to NBS
standards, is recommended for
routine operation. These buffers may
be retained for at least six months if
kept stoppered.

7. Calibration

7.1 Immersion type electrodes -
easily removed from mounting.

7.17.1 The electrode should be
calibrated at a minimum of two points
that bracket the expected pH of the
water/waste and are approximately
three pH units or more apart.

;hégionll Bureau of Standards Special Publication

7.7.2 Repeat calibration
adjustments on successive portions of
the two buffer solutions until readings
are within £0.05 pH units of the buffer
value. If calibration problems occur,
see 4.3.

7.7.3 Because of the wide variety of
instruments available, no detailed
operating instructions are provided.
Instead, the analyst should refer to
the particular manufacturer’s
instructions.

7.7.4 Calibration against two buffers
should be carried out at least daily. If
the pH of the fluid being measured
fluctuates considerably, the calibration
should be carried out more often.
Calibration frequencies may be
relaxed if historical data supports a
longer period between calibration.

7.2 Immersion type electrodes -
not easily removed from mounting.

7.2.1 Collect a grab sample of the
flowing material from a point as close
to the electrode as possible. Measure -
the pH of this grab sample as quickly
as possible with a laboratory - type pH
meter. Adjust the calibration control
of the continuous monitor to the
reading obtained.

7.2.2 The temperature and condition
of the grab sample must remain
constant until its pH has been
measured by the laboratory pH meter.
The temperature of the sample should
be measured and the temperature
compensator of the laboratory pH
meter adjusted. .

7.2.3 The laboratory - type pH meter
should be calibrated prior to use
against two buffers as outlined in 7.1.

7.2.4 The continuous pH monitoring
system should be initially calibrated
against two buffers as outlined in 7.1
before being placed into service.
Recalibration (every 30 days) at two
points is recommended if at all
possible to ensure the measuring

electrode is in working order. If this is ~

not possible, the use of electrode
testing features for a broken or
malfunctioning electrode should be
considered when purchasing the
equipment.

7.2.5 The indirect calibration should
be carried out at least once a day. If
the pH of the fluid being measured
fluctuates considerably, the calibration
should be carried out more often.
Calibration frequencies may be
relaxed if historical data support a
longer period between calibration.
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7.2.6 |If the electrode can be -
removed from the system, but with
difficulty, it should be directly
calibrated as in 7.1 at least once a
month.

7.3 Flow-through type electrode -
easily removed from its mounting.

7.3.1 Calibrate using buffers as in
7.1. The buffers to be used may be
the process stream itself as one
buffer, and as a second buffer after
adjustment of pH by addition of an.
acid or base. This will provide the
larger volumes necessary to calibrate
this type electrode.

7.3.2 Since the velocity of sample
flow-through a flow through electrode
can produce an offset error in pH
reading, the user must have data on
hand to show that the offset is known
and compensation has been
accomplished.

7.4 Flow-through type electrode -
not easily removed from its mounting.

7.4.1 Calibrate as in 7.2.

7.4.2 Quality control data must be
on hand to show the user is aware of
possible sample flow velocity effects.

8. Procedure

8.1 Calibrate the monitor and
electrode system as outlined in
Section 7.

8.2 Follow the manufacturer’s
recommendation for operation and
installation of the system.

8.3 In wastewaters, the electrode
may require periodic cleaning. After
manual cleaning, the electrode should
be calibrated as in 7.1 or 7.2 before
returning to service.

8.4 The electrode must be placed so
that the water or waste flowing past
the electrode is representative of the
system.

9. Calculations

9.1 pH meters read directly in pH
units. Reports pH to the nearest 0.1
unit and temperature to the nearest
°C.

10. Precision and Accuracy

10.1 Because of the wide variability
of equipment and conditions and the
changeable character of the pH of
many process waters and wastes, the
precision of this method is probably
less than that of Method 150.1;
however, a precision of 0.1 pH unit




should be attainable jn the range of
pH 6.0 to 8.0. Accuracy data for
continuous monitoring equipment
are not available at this time.

Bibliography

‘1. Annual Book of ASTM
Standards, Part 31, “Water"”
Standard 1293-78, Method D, p. 226
(1981).
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RESIDUE, FILTERABLE

Method 160.1 (Gravimetric, Dried at 180°C)

STORET NO. 70300

Scope and Application

1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial
wastes. .

1.2 The practical range of the determination is 10 mg/1 to 20,000 mg/1.

Summary of Method

2.1 A well-mixed sample is filtered through a standard glass fiber filter. The filtrate is
evaporated and dried to constant weight at 180°C.

2.2 If Residue, Non-Filterable is being determined, the filtrate from that method may be
used for Residue, Filterable. '

Definitions

3.1 Filterable residue is defined as those solids capable of passing through a glass fiber filter
and dried to constant weight at 180°C.

Sample Handling and Preservation

4.1 Preservation of the sample is not practical; analysis should begin as soon as possible.
Refrigeration or icing to 4°C, to minimize microbiological decomposition of solids, is
recommended.

Interferences

5.1 Highly mineralized waters containing significant concentrations of calcium, magnesium,
chloride and/or sulfate may be hygroscopic and will require prolonged drying,
desiccation and rapid weighing. ‘ '

5.2 Samples containing high concentrations of bicarbonate will require careful and possibly
prolonged drying at 180°C to insure that all the bicarbonate is converted to carbonate.

5.3 Too much residue in the evaporating dish will crust over and entrap water that will not
be driven off during drying. Total residue should be limited to about 200 mg.

Apparatus

6.1  Glass fiber filter discs, 4.7 cm or 2.1 cm, without organic binder, Reeve Angel type 934-
AH, Gelman type A/E, or equivalent.

6.2  Filter holder, membrane filter funnel or Gooch crucible adapter.

6.3  Suction flask, 500 ml.

6.4 Gooch crucibles, 25 ml (if 2.1 cm filter is used).

6.5 Evaporating dishes, porcelain, 100 ml volume. (Vycor or platinum dishes may be
substituted).

6.6 Steam bath.

6.7 Drying oven, 180°C +2°C.

6.8 Desiccator.

Approved for NPDES
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6.9

Analytical balance, capable of weighing fo 0.1 mg.

Procedure

7.1

7.2

7.3

74

7.5

7.6

Preparation of glass fiber filter disc: Place the disc on the membrane filter apparatus or
insert into bottom of a suitable Gooch crucible. While vacuum is applied, wash the disc
with three successive 20 ml volumes of distilled water. Remove all traces of water by
continuing to apply vacuum after water has passed through. Discard washings.

Preparation of evaporating dishes: If Volatile Residue is also to be measured heat the

clean dish to 550 +50°C for one hour in a muffle furnace. If only Filterable Residue is to
be measured heat the clean dish to 180 +2°C for one hour. Cool in desiccator and store
until needed. Weigh immediately before use.

Assemble the filtering apparatus and begin suction. Shake the sample vigorously and

rapidly transfer 100 ml to the funnel by means of a 100 ml graduated cylinder. If total
filterable residue is low, a larger volume may be filtered.-

Filter the sample through the glass fiber filter, rinse with three 10 ml portions of distilled
water and continue to apply vacuum for about 3 minutes after filtration is complete to
remove as much water as possible.

Transfer 100 ml (or a larger volume) of the filtrate to a weighed evaporating dish and
evaporate to dryness on a steam bath.

Dry the evaporated sample for at least one hour at 180 x2°C. Cool in a desiccator and |

weigh. Repeat the drying cycle until a constant weight is obtained or until weight loss is
less than 0.5 mg.

Calculation

8.1

Calculate filterable residue as follows:

Filterable residue, mg/1 = w

where:

A = weight of dried residue + dishin mg |
B = weight of dish in mg
C = volume of sample used in ml

Precision and Accuracy

9.1

Precision and accuracy are not available at this time.

Bibliography

Standard Methods for the Examination of Water.and Wastewater, 14th Edition, p 92, Method
208B, (1975).
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RESIDUE, NON-FILTERABLE
‘Method 160.2 (Grav1metr1c, Dried at 103-105°C)

STORET NO 00530

1. Scopeand Application

1.1  This method is applicable to drinking; surface, and saline waters, domestlc and industrial
wastes. ‘

1.2 The practical range of the determmatron is 4 mg/ 1to 20, OOO mg/1.

2. Summary of Method
- 2.1 A well-mixed sample is filtered through a glass fiber filter, and the res1due retalned on the
filter is dried to constant weight at 103—105°C. ' ‘

2.2 Thefiltrate from this method may be used for Residue, F 11terable

3." ' Definitions -
3.1 Residue, non-filterable, is defined as those solids which are retained by a glass fiber filter
and dried to constant weight at 103—105°C.
4.  Sample Handling and Preservation '
T 41 Non-representative particulates such as leaves, sticks, fish, and lumps of fecal matter
~ should be excluded from the sample if it is determined that their inclusion is not desired
in the final result. :

4.2 Preservation of the sample is not practical; analysis should begin as soon as possible. '
Refrigeration or icing to 4°C, to minimize microbiological decomposition of solids, is
recommended.

5.  Interferences ,

5.1 Filtration apparatus, filter material, pre-washing, post-washing, and drying temperature
are specified because these variables have been shown to affect the results.

5.2 Samples high in Filterable Residue (dissolved solids), such as saline waters, brines and
some wastes, may be subject to a positive interference. Care must be taken in selecting the
filtering apparatus so that washing of the filter and any dlssolved sohds in the filter .5
minimizes this potential interference. . -

6.  Apparatus :

6.1 Glass fiber filter discs, without organic binder, such as M1111pore AP- 40 Reeves Angel
934-AH, Gelman type A/E, or equivalent. :
NOTE: Because of the physical nature of glass fiber filters, the absolute pore size cannot
be controlled or measured. Terms such as “pore size”, collection efficiencies and effective
retention are used to define this property in glass fiber filters. Values for these parameters

~ vary for the filters listed above.

6.2 Filter support: filtering apparatus with reservoir and a coarse (4060 mlcrons) fritted
disc as a filter support.

Approved for NPDES
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6.3
6.4
6.5
6.6

NOTE: Many funnel designs are available in glass or porcelain. Some of the most
common are Hirsch or Buchner funnels, membrane filter holders and Gooch crucibles.
All are available with coarse fritted ,dlsc

Suction flask. A

Drying oven, 103-105°C.

Desiccator.

Analytical balance, capable of weighing to 0.1 mg.

Procedure

7.1

Preparation of glass fiber filter disc: Place the glass fiber filter on the membrane filter
apparatus or insert into bottom of a suitable Gooch crucible with wrinkled surface up.
While vacuum is applied, wash the disc with three successive 20 ml volumes of distilled
water. Remove all traces of water by continuing to apply vacuum after water has passed
through. Remove filter from membrane filter apparatus or both crucible and filter if
Gooch crucible is used, and dry in an oven at 103-105°C for one hour. Remove to
desiccator and store until needed. Repeat the drying cycle until a constant weight is
obtained (weight loss is less than 0.5 mg). Weigh immediately before use. After weighing,
handle the filter or crucible/filter with forceps or tongs only.

Selection of Sample Volume

For a 4.7 cm diameter filter, filter 100 ml of sample If weight of captured residue is less
than 1.0 mg, the sample volume must be increased to provide at least 1.0 mg of residue. If
other filter diameters are used, start with a sample volume equal to 7 ml/cm’ of filter area
and collect at least a weight of residue proportional to the 1.0 mg stated above.

NOTE: If during filtration of this initial volume the filtration rate drops rapidly, or if
filtration time exceeds 5 to 10 minutes, the following scheme is recommended: Use an
unweighed glass fiber filter of choice affixed in the filter assembly. Add a known volume
of sample to the filter funnel and record the time elapsed after selected volumes have
passed through the filter. Twenty-five ml increments for timing are suggested. Continue
to record the time and volume increments until fitration rate drops rapidly. Add
additional sample if the filter funnel volume is inadequate to reach a reduced rate. Plot
the observed time versus volume filtered. Select the proper filtration volume as that just
short of the time a significant change in filtration rate occurred.

Assemble the filtering apparatus and begin suction. Wet the filter with a small volume of
distilled water to seat it against the fritted support.

Shake the sample vigorously and quantitatively transfer the predetermined sample
volume selected in 7.2 to the filter using a graduated cylinder. Remove all traces of water
by continuing to apply vacuum after sample has passed through.

With suction on, wash the graduated cylinder, filter, non-filterable residue and filter
funnel wall with three portions of distilled water allowing complete drainage between
washing. Remove all traces of water by continuing to apply vacuum after water has
passed through.

NOTE: Total volume of wash water used should equal approximately 2 ml per cm’. For a
4.7 cm filter the total volume is 30 ml




7.6 Carefully remove the filter from the filter support. -Alternatively, remove crucible and
“filter from crucible adapter. Dry at least one hour at 103—105°C. Cool in a desiccator and
weigh. Repeat the drying cycle until a constant weight is obtained (weight loss is less than
0.5 mg). ‘
8.  Calculations
8.1 Calculate non-filterable residue as follows:

Non-filterable residue, mg/1 _(A - 12: x1,000

where:

A = weight of filter (or filter and crucible) + residue in mg
B = weight of filter (or filter and cruéible) inmg '
C = ml of sample filtered '
9.  Precision and Accuracy
9.1 Precision data are not available at this time.
9.2 Accuracy data on actual samples cannot be obtained.

Bibliography -

1. NCASI Technical Bulletin No. 291, March 1977. National Council of the Paper Industry for
Air and Stream Improvement, Inc., 260 Madison Ave., NY.
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RESIDUE, TOTAL
Method 160.3 (Gravimetric, ‘Dried at 103-105°C)
STORET NO. 00500

1. Scope and Application
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial
wastes.
1.2 The practical range of the determination is from 10 mg/1 to 20,000 mg/1.
2:  Summary of Method
2.1 A well mixed aliquot of the sample is quantitatively transferred to a pre-weighed
evaporating dish and evaporated to dryness at 103-105°C.
3. Definitions
3.1 Total Residue is defined as the sum of the homogenous suspended and dissolved
materials in a sample.
4.  Sample Handling and Preservation
4.1 Preservation of the sample is not practical; analysis should begin as soon as possiblé,
Refrigeration or icing to 4°C, to minimize microbiological decomposition of solids, is
recommended.
5.  Interferences ‘
5.1 Non-representative particulates such as leaves, sticks, fish and lumps of fecal matter
should be excluded from the sample if it is determined that their inclusion is not desired
_in the final result.
5.2 Floating oil and grease, if present, should be included in the sample and dispersed by a
blender device before aliquoting.
6.  Apparatus
6.1 Evaporating dishes, porcelain, 90 mm, 100 ml capacity. (Vycor or platinum dishes may
be substituted and smaller size dishes may be used if required.)
7. Procedure
7.1 Heat the clean evaporating dish to 103-105°C for one hour, if Volatile Residue is to be
measured, heat at 550 +50°C for one hour in a muffle furnace. Cool, desiccate, weigh and
store in desiccator until ready for use.
7.2 Transfer a measured aliquot of sample to the pre-weighed dish and evaporate to dryness
on a steam bath or in a drying oven. _

7.2.1 Choose an aliquot of sample sufficient to contain a residue of at least 25 mg. To
obtain a weighable residue, successive aliquots of sample may be added to the same
dish.

7.2.2 If evaporation is performed in a drying oven, the temperature should be lowered to
approximately 98°C to prevent boiling and splattering of the sample.
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7.3 Dry the evaporated sample for at least 1 hour at 103—105°C. Cool in a desiccator and
weigh. Repeat the cycle of drying at 103—-105°C, cooling, desiccating and weighing until a
constant weight is obtained or until loss of weight is less than 4% of the previous weight,
or 0.5 mg, whichever is less.

8.  Calculation
8.1 Calculate total residue as follows:

Total residue, mg/1 = A& = B)x1,000

where;

A = weight of sample 4 dish in mg
B = weight of dish in mg
C = volume of sample in ml
9.  Precision and Accuracy
9.1 Precision and accuracy data are not available at this time.

Bibliography

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 91, Method
208A, (1975). ‘
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RESIDUE, VOLATILE
Method 160.4 (Grav1metr1c, Igmtlon at 550°C)

- STORET NO, Total 00505
' Non-Filterable 00535
Filterable 00520

1. Scope and Application

1.1  This method determines the weight of solid material combustible at 550°C.

1.2 The test is useful in obtaining a rough approximation of the amount of organic matter
present in the solid fraction of sewage, activated sludge, industrial wastes, or bottom
sediments. :

2.  Summary of Method :

2.1 The residue obtained from the determination of total ﬁlterable or non-filterable residue
is ignited at 550°C in a muffle furnace The loss of welght on 1gn1t10n is reported as mg/1
volatile residue. s .

3.  Comments

3.1 The test is subject to many errors due to loss of water of crystallization, loss of volatile
organic matter prior to combustion, 1ncomplete oxidation of certain complex orgamcs,
and decomposition of mineral salts during combustion. : :

3.2 The results should not be considered an accurate measure of organic carbon in the
sample, but may be useful in the control of plant operations.

3.3 The principal source of error in the determination is failure to obtain a representative
sample. '

4.  Sample Handling and Preservation

4.1 Preservation of the sample is not practical; analysis should begin as soon as possible.
Refrigeration or icing to 4°C, to minimize microbiological decompostion of solids is
recommended.

5.  Precision and Accuracy

5.1 A collaborative study involving three laboratories examining four samples by means of
ten replicates showed a standard deviation of +11 mg/1 at 170 mg/1 volatile residue
concentration.

6.  Reference

6.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 95,
Method 208E, (1975).
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SETTLEABLE MATTER
Method 160.5 (Volumetric, Imhoff Cone)

STORET NO. 50086

1. Scope and Application
1.1  This method is applicable to surface and saline waters, domestic and industrial wastes.
1.2 The practical lower limit of the determination is about 0.2 ml/1/ hr.

2. Summary of Method
2.1 Settleable matter is measured volumetrically with an Imhoff cone.

3. Comments ‘

3.1 For some samples, a separation of settleable and floating materials will occur; in such
cases the floating materials are not measured.

32 Many treatment plants, especially plants equipped to perform  gravimetric
measurements, determine residue .non-filterable (suspended solids), in preference to
settleable matter, to insure that floating matter is included in the analysis.

4.  Precision and Accuracy
4.1 Data on this determination are not available at this time.
5. References

5.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 95,
Method 208F, Procedure 3a (1975). ‘
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TEMPERATURE
Method 170.1 (Thermometric)
STORET NO. 00010

1. Scopeand Application
: 1.1  This method is applicable to drinking, surface, and saline waters, domestic and industrial
 wastes. '
2.  Summiary of Method .
2.1 Temperature measurements may be made with any good grade of mercury-filled or dial
- type centigrade thermometer, or a thermistor.
3. Comments
3.1 Measurement device should be routinely checked against a p‘recisioh thermometer
certified by the National Bureau of Standards. -
4. Precision and Accuracy , ,
4.1 Precision and accuracy for this method have not been determined.
5. Reference : ,
- 5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 125,
Method 212 (1975). -
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TURBIDITY
Method 180.1 (Nephelometric)

STORET NO. 00076

1. Scopeand Application :

1.1  This method is applicable to drinking, surface, and saline waters in the range of turbidity
from 0 to 40 nephelometric turbidity units (NTU). Higher values may be obtained with
dilution of the sample.

NOTE 1: NTU’s are considered comparable to the previously reported Formazin
Turbidity Units (FTU) and Jackson Turbidity Units (JTU).
2.  Summary of Method

2.1 The method is based upon a comparison of the intensity of light scattered by the sample
under defined conditions with the intensity of light scattered by a standard reference
suspension. The higher the intensity of scattered light, the higher the turbidity. Readings,
in NTU’s, are made in a nephelometer designed according to specifications outlined in
Apparatus. A standard suspension of Formazin, prepared under closely defined
conditions, is used to calibrate the instrument.

2.1.1 Formazin polymer is used as the turbidity reference suspension for water because it
is more reproducible than other types of standards previously used for turbidity
standards. v
2.1.2 A commercially available polymer standard is also approved for use for the
National Interim Primary Drinking Water Regulations. This standard is identified
as AMCO-AEPA-1 available from Amco Standard International, Inc.
3. ‘Sample Handling and Preservation

3.1 Preservation of the sample is not practical; analysis should begin as soon as possible.
Refrigeration or icing to 4°C, to minimize microbiological decomposition of solids, is
recommended.

4.  Interferences

4.1 The presence of floating debris and coarse sediments which settle out rapidly will give
low readings. Finely divided air bubbles will affect the results in a positive manner.

4.2 The presence of true color, that is the color of water which is due to dissolved substances

“which absorb light, will cause turbidities to be low, although this effect is generally not
significant with finished waters.
5. Apparatus

5.1 The turbidimeter shall consist of a nephelometer with light source for illuminating the
sample and one or more photo-electric detectors with a readout device to indicate the
intensity of light scattered at right angles to the path of the incident light. The
turbidimeter should be so designed that little stray light reaches the detector in the
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5.2

53

54

5.5

absence of turbidity and should be free from significant drift after a short warm-up

period. ‘

The sensitivity of the instrument should permit detection of a turbidity difference of 0.02

unit or less in waters having turbidities less than 1 unit. The instrument should measure

from O to 40 units turbidity. Several ranges will be necessary to obtain both adequate
coverage and sufficient sensitivity for low turbidities.

The sample tubes to be used with the available instrument must be of clear, colorless

glass. They should be kept scrupulously clean, both inside and out, and discarded when

they become scratched or etched. They must not be handled at all where the light strikes
them, but should be provided with sufficient extra length or with a protective case, s0O
that they may be handled.

Differences in physical design of turbidimeters will cause differences in measured values

for turbidity even though the same suspension is used for calibration. To minimize such

differences, the following design criteria should be observed:

5.4.1 Light source: Tungsten lamp operated at a color temperature between
2200-3000°K.

5.4.2 Distance traversed by incident light and scattered light within the sample tube:
Total not to exceed 10 cm.

5.4.3 Detector: Centered at 90° to the incident light path and not to exceed +30° from
90°. The Detector, and filter system if used, shall have a spectral peak response
between 400 and 600nm.

The Hach Turbidimeter, Model 2100 and 2100 A, is in wide use and has been found to be

reliable; however, other instruments meeting the above design criteria are acceptable.

Reagents

6.1

6.2

6.3

Turbidity-free water: Pass distilled water through a 0.45u pore size membrane filter if

such filtered water shows a lower turbidity than the distilled water.

Stock formazin turbidity suspension:

Solution 1: Dissolve 1.00 g hydrazine sulfate, (NH,),*H,SO,, in distilled water and dilute

to 100 mlin a volumetric flask.

Solution 2: Dissolve 10.00 g hexamethylenetetramine in distilled water and dilute to 100

ml in a volumetric flask.

In a 100 ml volumetric flask, mix 5.0 ml Solution 1 with 5.0 ml Solution 2. Allow to stand

24 hours at 25 +3°C, then dilute to the mark and mix.

Standard formazin turbidity suspension: Dilute 10.00 ml stock turbidity suspension to

100 ml with turbidity-free water. The turbidity of this suspension is defined as 40 units.

Dilute portions of the standard turbidity suspension with turbidity-free water as

required. '

6.3.1 A new stock turbidity suspension should be prepared each month. The standard
turbidity suspension and dilute turbidity standards should be prepared weekly by
dilution of the stock turbidity suspension.

6.4 The AMCO-AEPA-1 standard as supplied requires no preparation or dilution prior to

use.

180.1-2




Procedure

7.1 Turbidimeter calibration: The manufacturer’s operating instructions should be followed.
o Measure standards on the turbidimeter covering the range of interest. If the instrument is
already calibrated in standard turbidity units, this procedure will check the accuracy of
the calibration scales. At least one standard should be run in each instrument range to be
used. Some instruments permit adjustments of sensitivity so that scale values will
correspond to turbidities. Reliance on a manufacturer’s solid scattering standard for
setting overall instrument sensitivity for all ranges is not an acceptable practice unless the
* - turbidimeter has been shown to be free of drift on all ranges. If a pre-calibrated scale is
" not- supplied, then calibration curves should ‘be prepared for each range of the

instrument. _ '

Turbidities less than 40 units: Shake the sample to thoroughly disperse the solids. Wait

until air bubbles disappear then pour the sample into the turbidimeter tube. Read the

turbidity directly from the instrument scale or from the appropriate calibration curve.

‘Turbidities exceeding 40 units: Dilute the sample with one or more volumes of turbidity-

free water until the turbidity falls below 40 units. The turbidity of the original sample is
then computed from the turbidity of the diluted sample and the dilution factor. For
example, if 5 volumes of turbidity-free water were added to 1 volume of sample, and the
diluted sample showed a turbidity of 30 units, then the turbidity of the original sample
was 180 units. ' '

7.3.1 The Hach Turbidimeters, Models 2100 and 2100A, are equipped with 5 separate
scales: 0-0.2, 0-1.0, 0-100, and 0-1000 NTU. The upper scales are to be used only
as indicators of required dilution volumes to reduce readings to less than 40 NTU.
NOTE 2: Comparative work performed in the MDQAR Laboratory indicates a

~ ' progressive error on sample turbidities in excess of 40 units. '
Calculation
8.1 Multiply sample readings by appropriate dilution to obtain final reading.

8.2 Report results as follows:

NTU ’ Record to Nearest:

0.0 — 1.0 . 0.05
1-10 , . 0.1
10 — 40 , , 1
40 - 100 S 5
100 — 400 : L . 10
400 - 1000 , .
> 1000 ‘ . 100

- Precision and Accuracy '
9.1 Inasingle laboratory (EMSL), using surface water samples at levels of 26, 41, 75 and 180

NTU, the standard deviations were" +0.60, +0.94, +1.2and +4.7 units, respectively.
9.2 Accuracy data are not available at this time. '
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METALS
(Atomic Absorption Methods)

1. Scopeand Application

1.1 Metals in solution may be readily determined by atomic absorption spectroscopy. The
method is simple, rapid, and applicable to a large number of metals in drinking, surface,
and saline waters, and domestic and industrial wastes. While drinking waters free of
particulate matter may be analyzed directly, domestic and industrial wastes require
processing to solubilize suspended material. Sludges, sediments and other solid type
samples may also be analyzed after proper pretreatment.

1.2 Detection limits, sensitivity and optimum ranges of the metals will vary with the various
makes and models of satisfactory atomic absorption spectrophotometers. The data
shown in Table 1, however, provide some indication of the actual concentration ranges
measurable by direct aspiration and using furnace techniques. In the majority of
instances the concentration range shown in the table by direct aspiration may be
extended much lower with scale expansion and conversely extended upwards by using a
less sensitive wavelength or by rotating the burner head. Detection limits by direct
aspiration may also be extended through concentration of the sample and/or through
solvent extraction techniques. Lower concentrations may also be determined using the
furnace techniques. The concentration ranges given in Table 1 are somewhat dependent
on equipment such as the type of spectrophotometer and furnace accessory, the energy
source and the degree of electrical expansion of the output signal. When using furnace
techniques, however, the analyst should be cautioned as to possible chemical reactions
occurring at elevated temperatures which may result in either suppression or
enhancement of the analysis element. To insure valid data with furnace techniques, the
analyst must examine each matrix for interference effects (see 5.2.1) and if detected, treat
accordingly using either successive dilution, matrix modification or method of standard
additions (see 8.5).

1.3 Where direct aspiration atomic absorption techniques do not provide adequate
sensitivity, in addition to the furnace procedure, reference is made to specialized
procedures such as the gaseous hydride method for arsenic and selenium, the cold vapor
technique for mercury, and the chelation—extraction procedure for selected metals.
Reference to approved colorimetric methods is also made.

1.4 Atomic absorption procedures are provided as the methods of choice; however, other
instrumental methods have also been shown to be capable of producing precise and
accurate analytical data. These instrumental techniques include emission spectroscopy,
X-ray fluorescence, spark source mass spectroscopy, and anodic stripping to name but a
few. The analyst should be cautioned that these methods are highly specialized
techniques requiring a high degree of skill to interpret results and obtain valid data.

Approved for NPDES and SDWA
Issued 1969
Editorial revision 1974 and 1978
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These above mentioned techniques are presently considered as alternate test procedures
and approval must be obtained prior to their use.

2.  Summary of Method

2.1

In direct aspiration atomic absorption spectroscopy a sample is aspirated and atomized

in a flame. A light beam from a hollow cathode lamp whose cathode is made of the

element to be determined is directed through the flame into a monochromator, and onto

a detector that measures the amount of light absorbed. Absorption depends upon the

presence of free unexcited ground state atoms in the flame. Since the wavelength of the

light beam is characteristic of only the metal being determined, the light energy absorbed
by the flame is a measure of the concentration of that metal in the sample. This pr1n01p1e
is the basis of atomic absorption spectroscopy.

Although methods have been reported for the analysis of solids by atomic absorption

spectroscopy (Spectrochim Acta, 24B 53, 1969) the technique generally is llmlted to

metals in solution or solubilized through some form of sample processing.

2.2.1 Preliminary treatment of wastewater and/or industrial effluents is usually
necessary because of the complexity and variability of the sample matrix.
Suspended material must be subjected to a solubilization process before analysis.
This process may vary because of the metals to be determined and the nature of the
sample being analyzed. When the breakdown of organic material is necessitated,
the process should include a wet digestion with nitric acid.

2.2.2 In those instances where complete characterization of a sample is des1red the
suspended material must be analyzed separately. This may be accomplished by
filtration and acid digestion of the suspended material. Metallic constituents in this
acid digest are subsequently determined and the sum of the dissolved plus
suspended concentrations will then provide the total concentrations present. The
sample should be filtered as soon as possible after collection and the filtrate
acidified immediately. ‘

2.2.3 The total sample may also be treated with acid without prior filtration to measure
what may be termed “total recoverable” concentrations.

When using the furnace technique in conjunction with an atomic absorptlon

spectrophotometer, a representative aliquot of a sample is placed in the graphite tube in

the furnace, evaporated to dryness, charred, and atomized. As a greater percentage of
available analyte atoms are vaporized and dissociated for absorption in the tube than the
flame, the use of small sample volumes or detection of low concentrations of elements is
possible. The principle is essentially the same as with direct aspiration atomic absorption

except a furnace, rather than a flame, is used to atomize the sample. Radiation from a

given excited element is passed through the vapor containing ground state atoms of that

element. The intensity of the transmitted radlatlon decreases in proportion to the amount
of the ground state element in the vapor.
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TABLE 1

Atomic Absorption Concentration Ranges®

Direct Aspiration Furnace Procedure®®
Optimum : o ' Optimum
Detection S Concentration Detection Concentration
L ... .. Limit Sensitivity Range Limit - Range
" Metal " mg/l mg/l mg/1 , ug/1 A oo ug/l
Aluminum 0.1 1 5 - 50 . . 3 20 0 - 200
Antimony 02 0.5 1 - 40 3 20 - 300
Arsenic® © 0002 - 10002 - 0.02 1 5 - 100
Barium(p) 01 04 - 1 - 20 2 10 = 200
Beryllium 0.005 . . 0.025 005 - 2 .02 | R 30
Cadmium 0.005 0.025 005 - 2 ’ 0.1 05 - 10
Calciuin C 001 & 0.08 0.2 Z 7 _ - -
Chromium . . 005 . 025 05 . -- 10 1 5 - 100
Cobalt 0.05 02 0.5 - 5 1 5 - 100
Copper ' 0.02 0.1 02 - 5 A | 5 - 100
Gold R i % . 025 0.5 - 20 1, . ()
Iridium(p) . 3 .8 20 - 500 30 100 - 1500
Iron 003 - 0.12 03 - 5 1 5 - 100
Lead 0.1 0.5 | - 20 1 5 - 100
Magnesium 0.001. ' 0.007 .. 0.02 - 0,5 = - -
Manganese 001 - 005 0.1 - 3 0.2 1 - 30
Mercury® 0.0002 - : 0.0002 - 0.01 - - -
Molybdenum(p) 01 - 0.4 1 - 40 1 3 - 60
Nickel(p) 0.04 - 0.15 0.3 - 5 1 5 - 50
Osmium 0.3 1 2 - 100 20 50 - 500
Palladium(p) 01 . 0325 0.5 - 15 ‘5 20 - 400
Platinum(p) . 02 ., 2 5 - 75 20 100 - 2000
Potassium 0.01 0.04 0.1 - 2 - -

Rhenium(p) 5 15 50 . - 1000 200 © 560 < 5000
Rhodium(p) © 0.05 0.3 o1 - 30 5 10200 .= 400
Ruthenium 0.2 © 05 o1 . - 50 20 . . 100 - 2000
Selenium® 0002 = - © 0002 - 0.02 . 2. 5 .- 100
Silver 0.01 '0.06 0.1 - 4 : 02 . 1 - 25
Sodium 0.002 . 0015 003 - 1 ’ - - - -
Thallium ~ 0.1 oas, t - 20 1 5. - 100
Tin - 0.8 4 , ‘10~ - 300 5 200 - 300
Titanium. (p) 0.4 2 g’ 5 . - 100 S [ I ' 50 "= 500
Vanadium (p) 0.2 08, . 2 . - 100 o 4 10 - 200
Zinc ‘ 0.005 0.02 005 - 1 0.05 02 - 4

[¢8) The, concentrations shown are not contrived values and should be obtainable with ‘any satisfactory atomic absorption
spectrophotometer. o ’ ) .

(03} Gaseous hydride method.

3) Cold vapor technique.

(C)) For furnace sensitivity values consult instrument operating manual.

) The listed furnace values are those expected when using a 20 ul injection and normal gas flow except in the case of arsenic and
selenium where gas interrupt is used. The symbol (p) indicates the use of pyrolytic graphite with the furnace procedure.
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The metal atoms to be measured are placed in the beam of radiation by increasing the temperature of
the furnace thereby causing the injected specimen to be volatilized. A monochromator isolates the
characteristic radiation from the hollow cathode lamp and a photosensitive device measures the
attenuated transmitted radiation.
3.  Definition of Terms “

3.1

3.2

3.3

3.4

3.5

3.6

3.7

Optimum Concentration Range: A range, defined by limits expressed in concentration,
below which scale expansion must be used and above which curve correction should be
considered. This range will vary with the sensitivity of the instrument and the operatmg
condition employed.

Sensitivity: The concentratlon in milllgrams of metal per liter that produces an
absorption of 1%.

Detection Limit: Detection limits can be expressed as either an instrumental or method
parameter. The limiting factor of the former using acid water standards would be the
signal to noise ratio and degree of scale expansion used; while the latter would be more
affected by the sample matrix and preparation procedure used. The Scientific Apparatus
Makers Association (SAMA) has approved the following definition for detection limit:
that concentration of an element which would yield an absorbance equal to twice the
standard deviation of a series of measurements of a solution, the concentraton of which is
distinctly detectable above, but close to blank absorbance measurement. The detection
limit values listed in Table I and on the individual analysis sheets are to be considered
minimum working limits achievable with the procedures given in this manual. These
values may differ from the optimum detection limit reported by the various instrument
manufacturers.

Dissolved Metals: Those constituents (metals) which will pass through a 045 u
membrane filter.

Suspended Metals: Those constituents (metals) whlch are retamed bya 0 45 u membrane
filter. :

Total Metals: The concentration of metals determined on an unfiltered sample following
vigorous digestion (Section 4.1.3), or the sum of the concentrations of metals in both the
dissolved and suspended fractions.

Total Recoverable Metals: The concentration of metals in an unfiltered sample following
treatment with hot dilute mineral acid (Sectlon 4.1.4). ‘

4.  Sample Handling and Preservation

4.1

For the determination of trace metals, contamination and loss are of prime concern. Dust
in the laboratory environment, impurities in reagents and impurities on laboratory
apparatus which the sample contacts are all sources of potential contamination. For
liquid samples, containers can introduce either positive or negative errors in the
measurement of trace metals by (a) contributing contaminants through leaching or
surface desorption and (b) by depleting concentrations through adsorption. Thus the
collection and treatment of the sample prior to analysis requires particular attention. The .
sample bottle whether borosilicate glass, polyethylene polypropylene or Teflon should
be thoroughly washed with detergent and tap water; rinsed with 1:1 mtrlc ac1d tap
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~ water, 1:1 hydrochlorlc acid, tap water and finally deionized distilled water in that

order. ,

NOTE 1: Chromic acid may be useful to remove organic deposits from glassware;

however, the analyst should be cautioned that the glassware must be thoroughly rinsed

with water to remove the last traces of chromium. This is especially important if

. chromium is to be included in the analytical scheme. A commercial product—

NOCHROMIX—avallable from Godax Laboratories, 6 Varick St. New York, N.Y.

10013 may be used i in place of chromic acid. [Chromic acid should not be used with

plastlc bottles.]

NOTE 2: If it can be documented through an active analytlcal quahty control program

using spiked samples, reagent and sample blanks, that certain steps in the cleaning

procedure are not required for routine samples, those steps may be eliminated from the
procedure.

~Before collection of the sample a decision must be made as to the type of data desired, i.e.,

dissolved, suspended, total or total recoverable. For container preference, maximum

holding time and sample preservation at time of collection see Table 1 in the front part of
this manual. Drinking water samples containing suspended and setteable material should

be prepared using the total recoverable metal procedure (section 4.1. 4)

4.1.1 For the determination of dissolved constituents the sample must be filtered
through a 0.45 u membrane filter as soon as practical after collection. (Glass or
plastic filtering apparatus using plain, non-grid marked, membrane filters are
recommended to avoid possible contamination.) Use the first 50-100 ml to rinse
the filter flask. Discard this portion and collect the required volume of filtrate.
Acidify the filtrate with 1:1 redistilled HNO; to a pH of «<2. Normally, 3 ml of
(1:1) acid per liter should be sufficient to preserve the sample (See Note 3). If
hexavalent chromium is to be included in the analytical scheme, a portion of the
filtrate should be transferred before acidification to a separate container and
‘analyzed as soon as possible using Method 218.4. Analyses performed on a sample
so treated shall be reported as ““dissolved” concentrations.

NOTE3: If a precipitate is formed upon acidification, the filtrate should be digested

.using 4.1.3. Also, it has been suggested (International Biological Program, Symposium
on Analytical Methods, Amsterdam, Oct. 1966) that additional acid, as much as 25 ml of
conc. HCl/liter, may be required to stabilize certain types of highly buffered samples if

they are to be stored for any length of time. Therefore, special precautions should be

observed for preservation and storage of unusual samples intended for metal analysis. _

. 4.1.2 For the determination of suspended metals a representative volume of unpreserved
sample must be filtered through a 0.45 u membrane filter. When considerable
suspended material is present, as little as 100 ml of a well mixed sample is filtered.
Record the volume ﬁltered and transfer the membrane filter containing the
insoluble material to 2250 ml Griffin beaker and add 3 ml conc. redistilled HNOs.
Cover the beaker with a watch glass and heat gently. The warm acid will soon
dissolve the membrane. Increase the temperature of the hot plate and digest the

" material. When the acid has nearly evaporated, cool the beaker and watch glass
and add another 3 ml of conc. redistilled HNO,. Cover and continue heating until
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4.1.3

4.14

the digestion is complete, generally indicated by a light colored digestate.
Evaporate to near dryness (DO NOT BAKE), add 5 ml distilled HCI (1:1) and
warm the beaker gently to dissolve any soluble material. (If the sample is to be
analyzed by the furnace procedure, 1 ml of 1:1 distilled HNO; per 100 ml dilution
should be substituted for the distilled 1:1 HC1.) Wash down the watch glass and
beaker walls with deionized distilled water and filter the sample to remove silicates
and other insoluble material that could clog the atomizer. Adjust the volume to
some predetermined value based on the expected concentrations of metals present.
This volume will vary depending on the metal to be determined. The sample is now
ready for analysis. Concentrations so determined shall be reported as “suspended”
(See Note 4.)

NOTE 4: Certain metals such as antimony arsenic, gold, iridium, mercury,
osmium, palladium, platinium, rhenium, rhodium, ruthenium, selenium, silver,
thallium, tin and titanium require modification of the digestion procedure and the
individual sheets for these metals should be consulted. .

For the determination of total metals the sample is acidified with 1:1 redistilled
HNO; to a pH of less than 2 at the time of collection. The sample is not filtered
before processing. Choose a volume of sample appropriate for the expected level of
metals. If much suspended material is present, as little as 50-100 ml of well mixed
sample will most probably be sufficient. (The sample volume required may also
vary proportionally with the number of metals to be determined.)

Transfer a representative aliquot of the well mixed sample to a Griffin beaker and
add 3 ml of conc. redistilled HNO;. Place the beaker on a hot plate and evaporate
to near dryness cautiously, making certain that the sample does not boil. (DO NOT
BAKE.) Cool the beaker and add another 3 ml portion of conc. redistilled HNO;.
Cover the beaker with a watch glass and return to the hot plate. Increase the
temperature of the hot plate so that a gentle reflux action occurs. Continue heating,
adding additional acid as necessary, until the digestion is complete (generally
indicated when the digestate is light in color or does not change in appearance with
continued refluxing). Again, evaporate to near dryness and cool the beaker. Add a
small quantity of redistilled 1:1 HCI (5 ml/100 ml of final solution) and warm the |
beaker to dissolve any precipitate or residue resulting from evaporation. (If the
sample is to be analyzed by the furnace procedure, substitute distilled HNO, for 1:1
HCl so that the final dilution contains 0.5% (v/v) HNO;.) Wash down the beaker
walls and watch glass with distilled water and filter the sample to remove silicates
and other insoluble material that could clog the atomizer. Adjust the volume to
some predetermined value based on the expected metal concentrations. The sample
is now ready for analysis. Concentrations so determined shall be reported as
“total” (see Note 4).

To determine total recoverable metals, acidify the entire sample at the time of
collection with conc. redistilled HNO;, 5 mi/1. At the time of analysis a 100 ml
aliquot of well mixed sample is transferred to a beaker or flask. Five ml of distilled
HCI (1:1) is added and the sample heated on a steam bath or hot plate until the
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volume has been reduced to 15-20 ml making certain the samples do not boil. (If
the sample is being prepared for furnace analysis, the same process should be
followed except HCl should be omitted.) After this treatment the sample is filtered
to remove silicates and other insoluble material that could clog the atomizer and
the volume adjusted to 100 ml. The sample is then ready for analysis.
Concentrations so determined shall be reported as “total”. (See Notes 4, 5, and 6.)
NOTE 5: The analyst should be cautioned that this digestion procedure may not be
sufficiently vigorous to destroy certain metal complexes if a colorimetric procedure
is to be employed for the final determination. When this is suspect, the more
vigorous digestion given in 4.1.3 should be followed. °
NOTE 6: For drinking water analyses by direct aspiration, the final volume may be
reduced to effect up to a 10X concentration of the sample, provided the total
dissolved solids in the original sample do not exceed 500 mg/1, the determination
is corrected for any non-specific absorbance and there is no loss by precipitation.

5.  Interferences

5.1 Direct Aspiration v

5.1.1 The most troublesome type of interference in atomic absorption
spectrophotometry is usually termed ‘“chemical” and is caused by lack of
absorption of atoms bound in molecular combination in the flame. This
phenomenon can occur.when the flame is not sufficiently hot to dissociate the
molecule, as in the case of phosphate interference with magnesium, or because the
dissociated atom is immediately oxidized to a compound that will not dissociate
further at the temperature of the flame. The addition of lanthanum will overcome
the phosphate interference in the magnesium, calcium and barium determinations.
Similarly, silica interference in the determination of manganese can be eliminated
by the addition of calcium. :

5.1.2 Chemical interferences may also be eliminated by separating the metal from the
interfering material. While complexing agents are primarily employed to increase
the sensitivity of the analysis, they may also be used to eliminate or reduce
interferences. _

5.1.3 The presence of high dissolved solids in the sample may result in an’interference
from non-atomic absorbance such as light scattering. If background correction is
not available, a non-absorbing wavelength should be checked. Preferably, high
solids type samples should be extracted (see 5.1.1 and 9.2).

5.1.4 Ionization interferences occur where the flame temperature is sufficiently high to
generate the removal of an electron from a neutral atom, giving a positive charged
ion. This type of interference can generally be controlled by the addition, to both
standard and sample solutions, of a large excess of an easily ionized element.

5.1.5 Although quite rare, spectral interference can occur when an absorbing
wavelength of an element present in the sample but not being determined falls
within the width of the absorption line of the element of interest. The results of the
determination will then be erroneously high, due to the contribution of the
interfering element to the atomic absorption signal. Also, interference can occur

METALS-7




when resonant energy from another element in a multi-element lamp or a metal
impurity in the lamp cathode falls within the bandpass of the slit setting and that
metal is present in the sample. This type of interference may sometimes be reduced
- by narrowing the slit width. “
5.2 Flameless Atomization ‘

5.2.1 Although the problem of oxide formation is greatly reduced with furnace
procedures because atomization occurs in an inert atmosphere, the technique is
still subject to chemical and matrix interferences. The composition of the sample
matrix can have a major effect on the analysis. It is those effects which must be
determined and taken into consideration in the analysis of each different matrix
encountered. To help verify the absence of matrix or chemical interference use the
following procedure. Withdraw from the sample two equal aliquots. To one of the
aliquots add a known amount of analyte and dilute both aliquots to the same
predetermined volume. [The dilution volume should be based on the analysis of the
undiluted sample. Preferably, the dilution should be 1:4 while keeping in mind the
optimum concentration range of the analysis. Under no circumstances should the
dilution be less than 1:1]. The diluted aliquots should then be analyzed and the
unspiked results multiplied by the dilution factor should be compared to the
original determination. Agreement of the results (within +10%) indicates the
absence of interference. Comparison of the actual signal from the spike to the
expected response from the analyte in an aqueous standard should help confirm the
finding from the dilution analysis. Those samples which indicate the presence of
interference, should be treated in one or more of the following ways.

a. The samples should be successively diluted and reanalyzed to
determine if the interference can be eliminated.

b.  The matrix of the sample should be modified in the furnace Examples
are the addition of ammonium nitrate to remove alkali chlorides,
ammonium phosphate to retain cadmium, and nickel nitrate for
arsenic and selenium analyses [ATOMIC ABSORPTION
NEWSLETTER Vol. 14, No. 5, p 127, Sept-Oct 1975]. The mixing of
hydrogen with the inert purge gas has also been used to suppress
chemical interference. The hydrogen acts as a reducing agent and aids
in molecular dissociation.

c.  Analyze the sample by method of standard addltlons whlle noting the
precautions and limitations of its use (See 8.5).

5.2.2 Gases generated in the furnace during atomization may have molecular absorption
bands encompassing the analytical wavelength. When this occurs, either the use of
background correction or choosing an alternate wavelength outside the absorption
band should eliminate this interference. Non-specific broad band absorption
interference can also be compensated for with background correction.

5.2.3 Interference from a smoke-producing sample matrix can sometimes be reduced by
extending the charring time at a higher temperature or utilizing an ashing cycle in
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Apparatus

6.1

6.2

63

6.4

the presence of air. Care must be taken, however, to prevent loss of the analysis
element. : ' :

5.2.4 Samples containing large amounts of organic materials should be oxidized by
conventional acid digestion prior to being placed in the furnace. In this way broad
band absorption will be minimized. :

5.2.5 From anion interference studies in the graphite furnace it is generally accepted that
nitrate is the preferred anion. Therefore nitric acid is preferable for any digestion or
solubilization step. If another acid in addition to HNO; is required a minimum ,
amount should be used. This applies particularly to hydrochlonc and to a lesser
extent to sulfuric and phosphoric acids. co T

5.2.6 Carbide formation resulting from the chemical environment of the furnace has
been observed with ceértain elements that form carbides at high temperatures.

Molybdenum may be cited as an example. When this takes place, the metal will be
released very slowly from the carbide as atomization continues. For molybdenum,
one may be required to atomize for 30 seconds or more before the signal returns to
baseline levels. This problem is greatly reduced and the sensitivity increased with
the use of pyrolytically-coated graphite.

5.2.7 Ionization interferences have to date not been reported with furnace techniques.

5.2.8 For'comments on spectral interference see section 5.1.5.

5.2. 9 Contamination of the sample can be a major source of error because of the extreme
sensitivities achieved with the furnace. The sample preparation work area should
be kept scrupulously clean. All glassware should be cleaned as directed in part 6.9
of the Atomic Absorption Methods section of this manual. Pipet tips have been
known to be a source of contamination. If suspected, they should be acid soaked
with 1:5 HNO; and rinsed thoroughly with tap and deionized water. The use of a
‘better grade pipet tip can greatly reduce this problem. It is very important that

“special attention be given to reagent blanks in both analysis and the correction of
analytical results. Lastly, pyrolytic graphite because of the production process and
handling can become contaminated. As many as five to possibly ten high

temperature burns may be required to clean the tube before use.

Atomic absorption spectrophotometer: Single or dual channel, single-or double-beam
instrument having a grating monochromator, photcmultiplier detector, adjustable slits, a
wavelength range of 190 to 800 nm, and prov1s1ons “for interfacing w1th a strip chart
recorder.

"Burner: The burner recommended by the particular instrument manufacturer should be

used. For certain elements the nitrous oxide burner is required.

Hollow cathode lamps: Single elemeént lamps are to be preferred but multi-element lamps
may be used. Electrodeless discharge lamps may also be used when available.

Graphite furnace: Any furnace dev1ce capable of reaching the spemﬁed temperatures is

: satlsfactory
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6.5

6.6

6.7

6.8
6.9

Strip chart recorder: A recorder is strongly recommended for furnace work so that there
will be a permanent record and any problems with the analysis such as drift, incomplete
atomization, losses during charring, changes in sensitivity, etc., can be easily recognized.
Pipets: Microliter with disposable tips. Sizes can range from 5 to 100 microliters as
required. NOTE 7: Pipet tips which are white in color, do not contain CdS, and have
been found suitable for research work are available from Ulster Scientific, Inc. 53 Main
St. Highland, NY 12528 (914) 691-7500. '

Pressure-reducing valves: The supplies of fuel and oxidant shall be maintained at
pressures somewhat higher than the controlled operating pressure of the instrument by
suitable valves. “ '
Separatory flasks: 250 ml, or larger, for extraction with organic solvents.

Glassware: All glassware, linear polyethylene, polyproplyene or Teflon containers,
including sample bottles, should be washed with detergent, rinsed with tap water, 1:1
nitric acid, tap water, 1:1 hydrochloric acid, tap water and deionized distilled water in
that order. [See Notes 1 and 2 under (4.1) concerning the use of chromic acid and the
cleaning procedure.]

6.10 Borosilicate glass distillation apparatus.
7.  Reagents

7.1

7.2

7.3

7.4

7.5

7.6

7.7

Deionized distilled water: Prepare by passing distilled water through a mixed ‘bed of
cation and anion exchange resins. Use deionized distilled water for the preparation of all
reagents, calibration standards, and as dilution water.
Nitric acid (conc.): If metal impurities are found to be present, distill reagent grade
nitric acid in a borosilicate glass distillation apparatus or use a spectrograde acid.
Caution: Distillation should be performed in hood with protective sash in place.
7.2.1 Nitric Acid (1:1): Prepare a 1:1 dilution with deionized, distilled water by
adding the conc. acid to an equal volume of water.
Hydrochloric acid (1:1): Prepare a 1:1 solution of reagent grade hydrochloric acid and
deionized distilled water. If metal impurities are found to be present, distill this mixture
from a borosilicate glass distillation apparatus or use a spectrograde acid.
Stock standard metal solutions: Prepare as directed in (8.1) and under the individual
metal procedures. Commercially available stock standard solutions may also be used.
Calibration standards: Prepare a series of standards of the metal by dilution of the
appropriate stock metal solution to cover the concentration range desired. '
Fuel and oxidant: Commercial grade acetylene is generally acceptable. Air may be
supplied from a compressed air line, a laboratory compressor, or from a cylinder of
compressed air. Reagent grade nitrous oxide is also required for certain determinations.
Standard, commercially available argon and nitrogen are required for furnace work.
Special reagents for the extraction procedure.
7.7.1 Pyrrolidine dithiocarbamic acid (PDCA) “see footnote””: Prepare by adding 18
ml of analytical reagent grade pyrrolidine to 500 ml of chloroform in a liter flask.

The name pyrrolidine dithiocarbamic acid (PDCA), although commonly referenced in the scientific
literature is ambiguous. From the chemical reaction of pyrrolidine and carbon disulfide a more
proper name would be l-pyrrolidine carbodithioic acid, PCDA (CAS Registry No. 25769-03-3).
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(See Note 8) Cool and add 15 ml of carbon disulfide in small portions and with
swirling. Dilute to 1 liter with chloroform. The solution can be used for several
_ months if stored in a brown bottle in a refrigerator;
NOTE 8: An acceptable grade of pyrrolidine may be obtained from the Aldnch
Chemical Co., 940 West St. Paul Ave., Milwaukee, WI. 53233 (414 273-3850).

7.7.2 Ammonium hydroxide, 2N: Dilute 13 ml conc. NH,OH to 100 ml with
deionized distilled water. '

7.7.3 Bromophenol blue indicator (1 g/liter): Dissolve 0.1 g bromophenol blue in 100
ml of 50 percent ethanol or isopropanol. ‘

7.7.4 HCI, 2.5% v/v: Dilute 2 ml redistilled HC1 (6N to 40 ml with deionized distilled
water.

8. - Preparation of Standards and Calibration

8.1

8.2

8.3

Stock standard solutions are prepared from high purity metals, oxides or nonhygroscopic
reagent grade salts using deionized distilled water and redistilled nitric or hydrochloric
acids. (See individual analysis sheets for specific instruction.) Sulfuric or phosphoric
acids should be avoided as they produce an adverse effect on many elements. The stock
solutions are prepared at concentrations of 1000 mg of the metal per liter. Commercially
available standard solutions may also be used. .

Calibration standards are prepared by diluting the stock metal solutions at the time of
analysis. For best results, calibration standards should be prepared fresh each time an
analysis is to be made and discarded after use. Prepare a blank and at least four
calibration standards in graduated amounts in the appropriate range. The calibration

standards should be prepared using the same type of acid or combination of acids and at

the same concentration as will result in the samples following processing. As filtered
water samples are preserved with 1:1 redistilled HNO; (3 ml per liter), calibration
standards for these analyses should be similarly prepared with HNO,. Beginning with
the blank and working toward the highest standard, aspirate the solutions and record the
readings. Repeat the operation with both the calibration standards, and the samples a
sufficient number of times to secure 'a reliable average reading for each solution.
Calibration standards for furnace procedures should be prepared as described on the
individual sheets for that metal.

Where the sample matrix is so complex that viscosity, surface tension and components
cannot be accurately matched with standards, the method of standard addition must be
used. This technique relies on the addition of small, known amounts of the analysis
-element to portions of the sample—the absorbance difference between those and the
original solution giving the slope of the calibration curve. The method of standard
addition is described in greater detail in (8.5).
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8.4 For those instruments which do not read out directly in concentration, a calibration
curve is prepared to cover the appropriate concentration range. Usually, this means the
preparation of standards which produce an absorption of O to 80 percent. The correct
method is to convert the percent absorption readings to absorbance and plot that value
against concentration. The following relationship is used to convert absorption values to
absorbance: ‘

absorbance = log (100/%T) = 2-log % T
where % T = 100-% absorption

As the curves are frequently nonlinear, especially at high absorption values, the number
of standards should be increased in that portion of the curve.

8.5 Method of Standard Additions: In this method, equal volumes of sample are added to a
deionized distilled water blank and to three standards containing different known
amounts of the test element. The volume of the blank and the standards must be the
same. The absorbance of each solution is determined and then plotted on the vertical axis
of a graph, with the concentrations of the known standards plotted on the horizontal
axis. When the resulting line is extrapolated back to zero absorbance, the point of
interception of the abscissa is the concentration of the unknown. The abscissa on the left
of the ordinate is scaled the same as on the right side, but in the opposite direction from
the ordinate. An example of a plot so obtained is shown in Fig. 1.

Absorbance

Zero
Absorbance

Concentration

A 4
Conc. of Addn O Addn | Addn 2 Addn 3
Sample No Addn Addn of 50%  Addn of 100% Addn of IS0%
of Expected of Expected of Expected
Amount Amount Amount

FIGURE 1. STANDARD ADDITION PLOT
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The method of standard additions can be very useful, however, for the results to be valid
the following limitations must be taken into consideration:

a)  the absorbance plot of sample and standards must be linear over the
concentration range of concern. For best results the slope of the plot should
be nearly the same as the slope of the aqueous standard curve. If the slope is
significantly different (more than 20%) caution should be exercised.

b)  the effect of the interference should not vary as the ratio of analyte
concentration to sample matrix changes and the standard addition should
respond in a similar manner as the analyte.

c) the determination must be free of spectral interference and corrected for non-
specific background interference.

9.  General Procedure for Analysis by Atomic Absorptlon

9.1

- Direct Aspiration: Differences between the various makes and models of satisfactory

atomic absorption spectrophotometers prevent the formulation of detailed instructions

applicable to every instrument. The analyst should follow the manufacturer’s operating

instructions for his particular instrument. In general, after choosing the proper hollow
cathode lamp for the analysis, the lamp should be allowed to warm up for a minimum of

15 minutes unless operated in a double beam mode. During this period, align the

instrument, position the monochromator at the correct wavelength, select the proper

monochromator slit width, and adjust the hollow cathode current according to the
manufactuerer’s recommendation. Subsequently, light the flame and regulate the flow of
fuel and oxidant, adjust the burner and nebulizer flow rate for maximum percent
absorption and stability, and balance the photometer. Run a series of standards of the
element under analysis and construct a calibration curve by plotting the concentrations
of the standards against the absorbance. For those instruments which read directly in
concentration set the curve corrector to read out the proper concentration. Aspirate the
samples and determine the concentrations either directly or from the calibration curve.

Standards must be run each time a sample or series of samples are run.

9.1.1 Calculation - Direct determination of liquid samples: Read the metal value in
mg/1 from the calibration curve or directly from the readout system of the
instrument.
9.1.1.1 If dilution of sample was required:

~

mg/l metal in sample = A (—C—é—B—>

where:
A = mg/1 of metal indiluted aliquot from calibration curve

B = ml of deionized distilled water used for dilution
C = ml of sample aliquot
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9.1.2 For samples containing particulates:
mg/l metal in sample = A ( _g_)

where:

A = mg/1 of metal in processed sample from calibration curve
.V = final volume of the processed sample in ml
C =. ml of sample aliquot processed
9.1.3 For solid samples: report all concentrations as mg/kg dry weight
9.1.3.1 Dry sample:

mg metal/kg sample = A S v

where:

A = mg/1 of metal in processed sample from calibration curve
V = final volume of the processed sample in ml

D = weight of dry sample in grams

9.1.3.2 Wet sample:

AXYV
W x P

mg metal/kg sample =

where:

A = mg/1 of metal in processed sample from calibration curve
V = final volume of the processed sample in ml

W = weight of wet sample in grams

P = % solids :

9.2 Special Extraction Procedure: When the concentration of the metal is not sufficiently
high to determine directly, or when considerable dissolved solids are present in the
sample, certain metals may be chelated and extracted with organic solvents. Ammonium
pyrrolidine dithiocarbamate (APDC) (see footnote) in methyl isobutyl ketone (MIBK) is
widely used for this purpose and is particularly useful for zinc, cadmium, iron,
manganese, copper, silver, lead and chromium*®, Tri-valent chromium does not react
with APDC unless it has first been converted to the hexavalent form [Atomic Absorption
Newsletter 6, p 128 (1967)]. This procedure is described under method 218.3.

The name ammonium pyrrolidine dithiocarbamate (APDC) is somewhat ambiguous and should more
properly be called ammonium, 1-pyrrolidine carbodithioate (APCD), CAS Registry No. 5108-96-3.
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Aluminum, beryllium, barium and strontium also do not react with APDC. While the
APDC-MIBK chelating-solvent system can be used satisfactorily, it is possible to
experience difficulties. (See Note 9.)
NOTE 9: Certain metal chelates, manganese-APDC in particular, are not stable in
MIBK and will redissolve into the aqueous phase on standing. The extraction of other
metals is sensitive to both shaking rate and time. As with cadmium, prolonged extraction
beyond 1 minute, will reduce the extraction efﬁ01ency, Whereas 3 minutes of vigorous
shaking is required for chromium. ‘ :
Also, when multiple metals are to be determmed either larger sample volumes must be
extracted or individual extractions made for each metal being determined. The acid form
of APDC-pyrrolidine dithiocarbamic acid prepared directly in chloroform as described
by Lakanen, [Atomic Absorption Newsletter 5, p 17 (1966)], (see 7.7.1) has been found
to be most advantageous. In this procedure the more dense chloroform layer allows for
easy combination of multiple extractions which are carried out over a broader pH range
favorable to multielement extractions. Pyrrolidine dithiocarbamic acid in chloroform is
very stable and may be stored in a brown bottle in the refrigerator for months. Because
chloroform is used as the solvent, it may not be aspirated into the flame. The following
procedure is suggested.
9.2.1 Extraction procedure with pyrrohdme dlthlocarbamlc acid (PDCA) in
chloroform.
9.2.1.1 Transfer 200 ml of sample into a 250 ml separatory funnel, add 2 drops
bromphenol blue indicator solution (7.7.3) and mix.
9.2.1.2 Prepare a blank and sufficient standards in the same manner and adjust
the volume of each to approximately 200 ml with deionized distilled
water. All of the metals to be determined may be combined into single
solutions at the appropriate concentration levels.
9.2.1.3 Adjust the pH by addition of 2N NH,OH solution (7.7.2) until a blue
color persists. Add HCI (7.7.4) dropwise until the blue color just
disappears; then'add 2.0 ml HCI (7.7.4) in excess. The pH at this point
should be 2.3. (The pH adjustment may be ‘made w1th a pH meter
instead of using indicator.) :
9.2.1.4 Add 5 ml of PDCA-chloroform reagent (7.7.1) and shake vigorously
for 2 minutes. Allow the phases to separate and drain the chloroform
. layer into a 100 m! beaker. (See NOTE 10.) '
.NOTE 10: If hexavalent chromium -is to be extracted, the aqueous
- phase must be readjusted back to a:pH of 2.3 after the-addition of
PDCA-chloroform and ‘maintained at that pH throughout the
- extraction. For multielement extraction, the pH may ad_]usted upward
after the chromlum has been extracted
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Add a second portion of 5 ml PDCA-chloroform reagent (7.7.1) and
shake vigorously for 2 minutes. Allow the phases to separate and
combine the chloroform phase with that obtained in step (9.2.1.4).
Determine the pH of the aqueous phase and adjust to 4.5. ’
Repeat step (9.2.1.4) again combining the solvent extracts.

Readjust the pH to 5.5, and extract a fourth time. Combine all extracts
and evaporate to dryness on a steam bath.

Hold the beaker at a 45 degree angle, and slowly add 2 ml of conc.
distilled nitric acid, rotating the beaker to effect thorough contact of
the acid with the residue. | -

Place the beaker on a low temperature hotplate or steam bath and
evaporate just to dryness.

Add 2 ml of nitric acid (1:1) to the beaker and heat for 1 minute. Cool,
quantitatively transfer the solution to a 10 ml volumetric flask and
bring to volume with distilled water. The sample is now ready for
analysis. :

9.2.2 Prepare a calibration curve by plotting absorbance versus the concentration of the
metal standard (zg/1) in the 200 ml extracted standard solution. To calculate
sample concentration read the metal value in ug/1 from the calibration curve or
directly from the readout system of the instrument. If dilution of the sample was

-required use the following equation:

mg/1 metal in sample = Z ( = é 2 )

where:

Z = ug/1 of metal in diluted aliquot from calibration curve
" B = ml of deionized distilled water used for dilution
C = ml of sample aliquot

Furnace Procedure: Furnace devices (flameless atomization) are a most useful means of
extending detection limits. Because of differences between various makes and models of
satisfactory instruments, no detailed operating instuctions can be given for each
instrument. Instead, the analyst should follow the instructions provided by the
manufacturer of his particular instrument and use as a guide the temperature settings
and other instrument conditions listed on the individual analysis sheets which are
recommended for the Perkin-Elmer HGA-2100. In addition, the following points may be
helpful.

9.3.1 With flameless atomization, background correction becomes of high importance
especially below 350 nm. This is because certain samples, when atomized, may
absorb or scatter light from the hollow cathode lamp. It can be caused by the
presence of gaseous molecular species, salt particules, or smoke in the sample
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beam. If no correction is made, sample absorbance will be greater than it should be,
and the analytical result will be erroneously high.

9.3.2 If during atomization all the analyte is not volatilized and removed from the
furnace, memory effects will occur. This condition is dependent on several factors
such as the volatility of the element and its chemical form, whether pyrolytic
graphite is used, the rate of atomization and furnace desrgn If this situation is
detected through blank burns, the tube should be cleaned by operating the furnace

~ at full power for the required time period as needed at regular intervals in the
analytical scheme. :

. 9.3.3 Some of the smaller size furnace devices, or newer furnaces equlpped with feedback
temperature control (Instrumentatlon Laboratories MODEL 555, Perkin-Elmer
MODELS HGA 2200 and HGA 76B, and Varian MODEL CRA- 90) employing
faster rates of atomization, can be operated using lower atomization temperatures
for shorter time periods than those listed in this manual.

9.3.4 Although prior digestion of the sample in many cases is not required providing a
representative aliquot of sample can be pipeted into the furnace, it will provide for a

7 more uniform matrix and possibly lessen matrix effects.

9.3.5 Inject a measured microliter aliquot of sample into the furnace and atomize. If the
concentration found is greater than the highest standard, the sample should be
diluted in the same acid matrix and reanalyzed. The use of ‘multiple injections can
improve accuracy and help detect furnace pipetting errors.

- 9.3.6 To verify the absence of interference, follow the procedure as givenin part 5.2.1,

9.3.7 A check standard should be run approximately after every 10 sample injections.
Standards are run in part to monitor the life and performance of the graphite tube.
Lack of reproducibility or significant change in the signal for the standard
indicates that the tube should be replaced. Even though tube life depends on
sample matrix and atomization temperature, a conservative estimate would be that
a tube will last at least 50 firings. A pyrolytic- coatmg would extend that estimate
by a factor of 3.

9.3.8 Calculation~For determination of metal concentratlon by the furnace: Read the
metal value in ug/1 from the cahbrat1on curve or directly from the ~readout system

of the instrument.
9.3.8.1 If different size furnace injection volumes are used for samples than for
standards:

ug/1 of metal in sample = Z ( TSJ—) ‘

where:

Z = ug/1 of metal read from cahbratlon curve or readout system
S = ul volume standard injected into furnace for calibration curve
U = ul volume of sample injected for analysis
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9.3.8.2 If dilution of sample was required but sample injection volume same as
for standard:

ug/l1 of metal in sample = Z (%—]i)

where:

Z= ug/l metal in diluted aliquot from calibration curve
B = mlof deionized distilled water used for dilution “
= ml of sample aliquot -
9.3.9 For sample containing particulates:

ug/1 of metal in sample = Z (% )

where:

Z = ug/1 of metal in processed sample from calibration curve (See 9.3.8.1)
V = final volume of processed sample in ml
C = ml of sample aliquot processed -
9.3.10 For solid samples: Report all concentrations as mg/kg dry weight |
9.3.10.1  Drysample:

z
<1,000)V

D

mg metal/kg sample =
where:

Z = ug/1 of metal in processed sample from calibration curve (See 9.3.8.1)
V = final volume of processed sample in ml
D = weight of dry sample in gram .

9.3.10.2 Wetsample:

Z
(1,000 ) v
mg metal/kg sample = ————
£ P W Xx P
where:

Z = ug/1 of metal in processed sample from calibration curve (See 9.3.8.1)
V = final volume of processed sample in ml

W = weight of wet sample in grams

P = 9%solids
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10.

Quality Control For Drinking Water Analysis‘
10.1 Minimum requirements

10.1.1

10.1.2

All quality control data shoulid be maintained and available for easy
reference or inspection. ' ‘ .
An unknown performance sample (when available) must be analyzed once
per year for the metals measureqll. Results must be within the control limit
established by EPA. If problems arise, they should be corrected, and a

follow-up performance sample shtlould be analyzed.

10.2 Minimum Daily control

10.2.1

10.2.2

10.3 Optional Requirements

10.3.1

10.3.2
10.3.3

10.3.4

10.3.5

10.3.6

10.3.7

- absorption spectrophotometer.

After a calibration curve compo§ed of a minimum of a reagent blank and
three standards has been prepargd, subsequent calibration curves must be
verified by use of at least a reaggnt blank and one standard at or near the
MCL. Daily checks must be w1th1?n +10 percent of original curve.

If 20 or more samples per day are analyzed, the working standard curve must
be verified by running an additional standard at or near the MCL every 20
samples. Checks must be within 110 percent of original curve.

A current service contract shoul_d be in effect on balances and the atomic

Class S weights should be available to make periodic checks on balances.
Chemicals should be dated upon r: receipt of shipment and replaced as needed
or before shelf life has been exceedpd

A known Treference sample (when avallable) should be analyzed once per
quarter for the metals measured., The measured value should be within the
control limits established by EPA |

At least one duplicate sample should be run every 10 samples, or with each
set of samples to verify precision of the method. Checks should be within the
control limit established by EPA. |

Standard deviation should b¢ obtained and documented for all
measurements being conducted. | ' '

Quality Control charts or a tabulation of mean and standard deviation

should be used to document vahdﬂ,y of data on a daily basis.
]

\
2
b
|
{
3
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EPA

United States
Environmental Protection
Agency

Environmental Monitoring and
Support Laboratory ’
Cincinnati OH 45268

Research and Development

Test Method

Inductively Coupled Plasma—
Atomic Emission Spectrometric
Method for Trace Element
Analysis of Water and
Wastes—Method 200.7

1. Scope and Application

1.1 This method may be used for
the determination of dissolved,
suspended, or total elements in
drinking water, surface water,
domestic and industrial wastewaters.

1.2 Dissolved elements are
determined in filtered and acidified
samples. Appropriate steps must be
taken in all analyses to ensure that
potential interference are taken into
account. This is especially true when
dissolved solids exceed 1500 mg/L.
(See 5.)

1.3 Total elements are determined
after appropriate digestion procedures
are performed. Since digestion
techniques increase the dissolved
solids content of the samples,
appropriate steps must be taken to
correct for potential interference
effects. (See 5.)

1.4 Table 1 lists elements for which -

this method applies along with
recommended wavelengths and
typical estimated instrumental
detection limits using conventional
pneumatic nebulization. Actual
working detection limits are sample
dependent and as the sample matrix
varies, these concentrations may also
vary. In time, other elements may be
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added as more information becomes
available and as required.

1.5 Because of the differences
between various makes and models of
satisfactory instruments, no detailed
instrumental operating instructions
can be provided. Instead, the analyst
is referred to the instructions provided
by the manufacturer of the particular
instrument.

2. Summary of Method

2.1 The method describes a
technique for the simultaneous or
sequential multielement
determination of trace elements in
solution, The basis of the method is
the measurement of atomic emission
by an optical spectroscopic technique.
Samples are nebulized and the
aerosol that is produced is transported
to the plasma torch where excitation
occurs. Characteristic atomic-line
emission spectra are produced by a
radio-frequency inductively coupled
plasma (ICP). The spectra are
dispersed by a grating spectrometer
and the intensities of the lines are
monitored by photomultiplier tubes.
The photocurrents from the
photomultiplier tubes are processed
and controlled by a computer system.
A background correction technique is
required to compensate for variable
background contribution to the




T

determination of trace elements.
Background must be measured
adjacent to analyte lines on samples
during analysis. The position selected
for the background intensity
measurement, on either or both sides
of the analytical line, will be
determined by the complexity of the
spectrum adjacent to the analyte line.
The position used must be free of
spectral interference and reflect the
same change in background

intensity as occurs at the analyte
wavelength measured. Background
correction is not required in cases of
line broadening where a background
correction measurement would
actually degrade the analytical result.
The possibility of additional
interferences named in 5.1 (and tests
for their presence as described in 5.2)
should also be recognized and
appropriate corrections made.

3. Definitions

3.1 Dissolved — Those elements
which will pass through a 0.45 yum
membrane filter.

3.2 Suspended — Those elements
which are retained by a 0.45 ym
membrane filter.

3.3 Total — The concentration
determined on an unfiltered sample
following vigorous digestion (9.3), or
the sum of the dissolved plus
suspended concentrations. (9.1 plus
9.2)) '

3.4 Total recoverable — The
concentration determined on an
unfiftered sample following treatment
with hot, dilute mineral acid (9.4).

3.5 Instrumental detection limit —
The concentration equivaient to a
signal, due to the analyte, which is
equal to three times the standard
deviation of a series of ten replicate
measurements of a reagent blank
signal at the same wavelength.

3.6 Sensitivity — The slope of the
analytical curve, i.e. functional
relationship between emission
intensity and concentration.

3.7 Instrument check standard — A
multielement standard of known
concentrations prepared by the
analyst to monitor and. verify
instrument performance on a daily
basis. (See 7.6.1)

3.8 Interference check sample — A
solution containing both interfering
and analyte elements of known
concentration that can be used to

verify background and interelement
correction factors. (See 7.6.2)

3.9 Quality control sample — A
solution obtained from an outside
source having known, concentration
values to be used to verify the
calibration standards. (See 7.6.3)

3.70 Calibration standards — a
series of know standard solutions
used by the analyst for calibration of
the instrument (i.e., preparation of the
analytical curve). (See 7.4)

3.77 Linear dynamic range — The
concentration range over which the
analytical curve remains linear.

3.72 Reagent blank — A volume of
deionized, distilled water containing
the same acid matrix as the
calibration standards carried through
the entire analytical scheme. {See
7.5.2)

3.73 Calibration blank — A volume
of deionized, distilled water acidified
with HNO3 and HCI. (See 7.5.1)

3.74 Method of standard addition —
The standard addition technique
involves the use of the unknown and
the unknown plus a known amount of
standard. {See 10.6.1)

4. Safety

4.1 The toxicity or carcinogenicity of

each reagent used in this method has

not been precisely defined; however,
each chemical compound should be
treated as a potential health hazard.
From this viewpoint, exposure to
these chemicals must be reduced to
the lowest possible level by whatever
means available. The laboratory is
responsible for maintaining a current
awareness file of OSHA regulations
regarding the safe handling of the
chemicals specified in this method. A
reference file of material data
handling sheets should also be made
available to all personnel involved in
the chemical analysis. Additional
references to laboratory safety are
available and have been identified
(14.7, 14.8 and 14.9) for the
information of the analyst,.

5. Interferences

6.1 Several types of interference
effects may contribute to inaccuracies
in the determination of trace
elements. They can be summarized as
follows:

5.1.1 Spectral interferences can be
categorized as 1) overiap of a spectral
line from another element; 2)
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unresolved overlap of molecular band
spectra; 3) background contribution
from continuous or recombination
phenomena; and 4) background
contribution from stray light from the
line emission of high concentration
elements. The first of these effects
can be compensated by utilizing a
computer correction of the raw data,
requiring the monitoring and
measurement of the interfering
element. The second effect may
require selection of an alternate
wavelength. The third and fourth
effects can usually be compensated by
a background correction adjacent to
the analyte line. In addition, users of
simultaneous multielement
instrumentation must assume the
responsibility of verifying the absence
of spectral interference from an
element that could occur in a sample
but for which there is no channel in
the instrument array. Listed in Table 2
are some interference effects for the
recommended wavelengths given in
Table 1. The data in Table 2 are
intended for use only as a
rudimentary guide for the indication of
potential spectral interferences. For
this purpose, linear relations between
concentration and intensity for the
analytes and the interferents can be
assumed.

The interference information, which
was collected at the Ames Laboratory,’
is expressed at analyte concentration
eqivalents (i.e. false analyte concen-
trations) arising from 100 mg/L of the
interferent element. The suggested use
of this information is as follows:
Assume that arsenic (at 193.696 nm)
is to be determined in a sample
containing approximately 10 mg/L of
aluminum. According to Table 2, 100
mg/L of aluminum would yield a false
signal for arsenic equivalent to
approximately 1.3 mg/L. Therefore,
10 mg/L of aluminum would result in
a false signal for arsenic equivalent to
approximately 0.13 mg/L. The reader
is cautioned that other analyticat
systems may exhibit somewhat
different levels of interference than
those shown in Table 2, and that the
interference effects must be evaluated
for each individual system.

Only those interferents listed were
investigated and the blank spaces in
Table 2 indicate that measurable inter-
ferences were not observed for the
interferent concentrations listed in
Table 3. Generally, interferences were
discernible if they produced peaks or
background shifts corresponding to

2-5% of the peaks generated by the

YAmes Laboratory, USDOE, lowa State University,
Ames lowa 50011




analyte concentrations also listed in
Table 3. .

At present, information on the listed
silver and potassium wavelengths are
not available but it has been reported
that second order energy from the
magnesium 383.231 nm wavelength
interferes with the listed potassium line
at 766 491 nm.

5.1.2 Physical interferences are
generally considered to be effects
associated with the sample nebuliza-
tion and transport processes. Such
properties as change in viscosity and
surface tension can cause significant
inaccuracies especially in samples
which may contain high dissolved

solids and/or acid concentrations. The:

use of a peristaltic pump may lessen
these interferences. If these types of
interferences are operative, they must
be reduced by dilution of the sample
and/or utilization of standard addition
techniques. Another problem which
can occur from high dissolved solids
is salt buildup at the tip of the
nebulizer. This affects aersol flow-rate
causing instrumental drift. Wetting
the argon prior to nebulization, the
use of a tip washer, or sample dilution
have been used to control this
problem, Also, it has been reported
that better control of the argon flow
rate improves instrument
performance. This is accomplished
with the use of mass flow controllers.

5.1.8 Chemical Interferences are
characterized by molecular compound
formation, lonization effects and
solute vaporization effects. Normally
these effects are not pronounced with
the ICP technique, however, if
observed they can be minimized by
careful selection of operating
conditions (that is, incident power,
observation position, and so forth), by
buffering of the sample, by matrix
matching, and by standard addition
procedures. These types of
interferences can be highly dependent
on matrix type and the specific
analyte element,

5.2 Itis recommended that
whenever a new or unusual sample
matrix is encountered, a series of
tests be performed prior to reporting
concentration data for analyte
elements, These tests, as outlined in
5.2.1 through 5.2.4, will ensure the
analyst that neither positive nor
negative interference effects are
operative on any of the analyte el-
ements thereby distorting the
accuracy of the reported values.

5.2.1 Serial dilution—If the analyte
concentration is sufficiently high (min-

imally a factor of 10 above the instru-
mental detection limit after dilution),
an analysis of a dilution should agree
within 5 % of the original determina-
tion (or within some acceptable con-
trol limit (14.3) that has been estab-
lished for that matrix). If not, a
chemical or physical interference ef-
fect should be syspected.

5.2.2 Spike addition—The recovery
of a spike addition added at a
minimum level of 10X the in-
strumental detection limit (maximum
100X) to the original determination
should be recovered to within 90 to
110 percent or within the established
control limit for that matrix. If not, a
matrix effect should be suspected. The
use of a standard addition analysis
procedure can usually compensate for
this effect. Caution: The standard ad-
dition technique daes not detect coin-
cident spectral overlap. If suspected,
use of computerized compensation, an
alternate wavelength, or comparison
with an alternate method is recom-
mended. (See 5.2.3)

5.2.3 Comparison with alternate
method of analysis—When investi-
gating a new sample matrix, compari-
son tests may be performed with other
analytical techniques such as atomic
absorption spectrometry, or other
approved methodology.

5.2.4 Wavelength scanning of
analyte line region—If the appropriate
equipment is available, wavelength
scanning can be performed to detect
potential spectral interferences.

6. Apparatus

6.1 Inductively Coupled Plasma-
Atomic Emission Spectrometer.

6.7.7 Computer controlled atomic
emission spectrometer with background
correction.

6.7.2 Radiofrequency generator.

6.7.3 Argon gas supply, welding
grade or better.

6.2 Operating conditions — Because
of the differences between various
makes and models of satisfactory
instruments, no detailed operating
instructions can be provided. Instead,
the analyst should follow the
instructions provided by the
manufacturer of the particular
instrument. Sensitivity, instrumental
detection limit, precision, linear dy-
namic range, and interference effects
must be investigated and established
for each individual analyte line on that
particular instrument, It is the
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responsibility of the analyst to verify
that the instrument configuration and
operating conditions used satisfy the
analytical requirements and to
maintain quality control data
confirming instrument performance
and analytical results.

7. Reagents and standards

7.1 Acids used in the preparation

of standards and for sample processing
must be ultra-high purity grade or
equivalent. Redistilled acids are
acceptable.

7.1.1 Acetic acid, conc. (sp gr 1.06).

7.1.2 Hydrochloric acid, conc. (sp gr
1.19). ‘

7.1.3 Hydrochloric acid, (1+1); Add
500 mL conc. HCI (sp gr 1.19) to 400
mL deionized, distrilled water and
dilute to 1 liter.

7.1.4 Nitric acid, conc. (sp gr 1.41).

7.1.5 Nitric acid,{(1+1): Add 500 mL
conc. HNO; (sp. gr 1.41) to 400 mL
deionized, distilled water and dilute to
1 liter.

7.2 Dionized, distilled water: Prepare
by passing distilled water through a
mixed bed of cation and anion ex-
change resins. Use deionized, distilled
water for the preparation of all
reagents, calibration standards and as
dilution water. The purity of this water
must be equivalent to ASTM Type |l
reagent water of Specification D 1193
(14.6).

7.3 Standard stock solutions may be
purchased or prepared from ultra high
purity grade chemicals or metals. All
salts must be dried for 1 h at 105°C
uniess otherwise specified.

(CAUTION: Many metal salts are ex-
tremely toxic and may be fatal if swal-
lowed. Wash hands thoroughly after
handling.) Typical stock solution pre-
paration procedures follow:

7.3.1 Aluminum solution, stock, 1
mL = 100 ug Al: Dissolve 0.100 g of
aluminum metal in an acid mixture of 4 .
mL of (1+1) HCl and 1 mL of conc. HNO3
in a beaker. Warm gently to effect
solution. When solution is complete,
transfer quantitatively to a liter flask,
add an additional 10 mL of (1+1) HCI
and dilute to 1,000 mL with deionized,
distilled water.

7.3.2 Antimony solution stock, 1 mL
= 100 pg Sb: Dissolve 0.2669 g K(SbO)
C4H406 in deionized distilled water,
add 10 mL (1+1) HCI and dilute

to 1000 mL with deionized, distilled
water.




7.3.3 Arsenic solution, stock, 1 mL =
100 ug As: Dissolve 0.1320 g of Asz03
in 100 mL of deionized, distilled water
containing 0.4 g NaOH. Acidify the
solution with 2 mL conc. HNO3 and
dilute to 1,000 mL with deionized,
distilled water.

7.3.4 Barium solution, stock, 1 mL
=100 pg Ba: Dissolve 0.1516 g BaCl,
(dried at 250°C for 2 hrs) in 10 mL
deionized, distilled water with 1 mL
(1+1) HCI. Add 10.0 mL (1+1) HCI

and dilute to 1,000 mL with deionized,
distilled water. " .

7.3.5 Beryllium solution, stock, 1
mL =100 ug Be: Do not dry. Dis-
solve 1.966 g BeSO,4 4 4H,0, in
deionized, distilled water, add 10.0 mL
conc. HNO; and dilute to 1,000 mL
with deionized, distilled water.

7.3.6 Boron solution, stock, 1 mL
=100 ug B: Do not dry. Dissolve
0.5716 g anhydrous H3BO;3 in deionized
distilled water dilute to 1,000 mL.

Use a reagent meeting ACS specifica-
tions, keep the bottle tightly stoppered
and store in a desiccator to prevent
the entrance of atmospheric moisture.

7.3.7 Cadmium solution, stock, 1
mL =100 ug Cd: Dissolve 0.1142 g
CdO in a minimum amount of (1+1)
HNOs. Heat to increase rate of dis-
solution. Add 10.0 mL conc. HNO3
and dilute to 1,000 mL with deionized,
distilled water.

7.3.8 Calcium solution, stock, 1 mL
=100 ug Ca: Suspend 0.2498 g
CaCO3 dried at 180°C for 1 h before
weighing in deionized, distilled water
and dissolve cautiously with a min-
imum amount of (1+1) HNOs. Add
10.0 mL conc. HNO3 and dilute to
1,000 mL with deionized, distilled
water.

7.3.9 Chromium solution, stock, 1
mL = 100 ug Cr: Dissolve 0.1923

g of CrO; in deionized, distilled
water. When solution is complete,
acidify with 10 mL conc. HNO; and
dilute to 1,000 mL with deionized,
distilled water.

7.3.10 Cobalt solution, stock, 1

mL = 100 ug Co: Dissolve 0.1000 g

of cobalt metal in a minimum amount
of (1+1) HNOs. Add 10.0 mL (1+1) HCI
and dilute to 1,000 mL with deionized,
distilled water.

7.3.11 Copper solution, stock, 1
mL = 100 ug Cu: Dissolve 0.1252 g
CuO in a minimum amount of (1+1)
HNO3;. Add. 10.0 mL conc. HNO; and
dilute to 1,000 mL. with deionized,
distilled water.

7.3.12 Iron solution, stock, 1 mL
=100 ug Fe: Dissolve 0.1430 g
Fez03 in a warm mixture of 20 mL
{1+1) HCI and 2 mL of conc. HNOa.
Cool, add an additional 5 mL of conc.

- HNOj3 and dilute to 1000 mL with

deionized, distilled water.

7.3.13 Lead solution, stock, 1 mL
= 100 ug Pb: Dissolve 0.1599 ¢
Pb{NOs3)> in mihimum amount of
(1+1) HNOs. Add 10.0 mL conc.. HNO;

. and dilute to 1,000 mL with deionized,

distilled water.

7.3.14 Magnesium solution, stock, 1
mL = 100 ug Mg: Dissolve 0.1658 g
MgO in a minimum amount of (1+1)
.HNOs.-Add 10.0 mL conc. HNO; and
dilute to 1,000 mL with deionized,
distilled water.

7.3.15 Manganese solution, stock, 1
mL = 100 ug. Mn: Dissolve 0.1000 g
of manganese metal in the acid mix-
ture 10 mL conc. HCl and 1 mL cone.
HNO3, and dilute to 1,000 mL with
deionized, distilled water.

7.3.16 Molybdenum solution, stock,
1 mL =100 ug Mo: Dissolve 0.2043 g
(NH.4)2Mo00, in deionized, distilled
water and dilute to 1,000 mL.

7.3.17 Nickel solution, stock, 1
mL =100 ug Ni: Dissolve 0.1000 g
of nickel metal in 10 mL hot conc.
HNOs, cool and dilute to 1,000 mL
with deionized, distilled water.

7.3.18 Potassium solution, stock, 1
mL = 100 ug K: Dissolve 0.1907 ¢
KCl, dried at 110°C, in deionized,
distilled water dilute to 1,000 mL.

7.3.19 Selenium solution, stock, 1
mL = 100 ug Se: Do not dry. Dissolve
0.1727 g H2SeOs (actual assay 94.6%)
in deionized, distilled water and dilute
to 1,000 mL.

7.3.20 Silica solution, stock, 1 mL
=100 ug SiOz: Do not dry. Dissolve
0.4730 g NaSiO3 * 9H20 in deionized;
distilled water. Add 10.0 mL conc.
HNO3 and dilute to 1,000 mL with
deionized, distilled water.

7.3.21 Silver solution, stock, 1
mL = 100 ug Ag: Dissolve 0.1575 g
AgNO3; in 100 mL of-deionized, dis-
tilled water and 10 mL conc. HNOs.
Dilute to 1,000 mL with deionized,
distilled water.

7.3.22 . Sodium solution, stock, 1
mL =100 ug Na: Dissolve 0.2542 g
NaCl in deionized, distilied water.
Add 10.0 mL conc. HNOj3 and dilute
to 1,000 mL with deionized, distilled
water,
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7.3.23 Thallium solution, stock 1
mL = 100 ug Ti: Dissolve 0.1303 g
TINOs ifl deionized, distilled water.
Add 10.0 mL conc. HNO3; and dilute -
to 1,000 mL with deionized, distilled
water. o

7.3.24 Vanadium solution, stock, 1
mL =100 ug V: Dissolve 0.2297
NH4VOs in @ minimum amount of
conc. HNO3. Heat to increase rate
of dissolution. Add 10.0 mL conc.
HNO3 and dilute to 1,000 mL with
deionized, distilled water.

7.3.25 Zinc solution, stock, 1 mL

= 100 ug Zn: Dissolve 0.1245 g ZnO
in @ minimum amount of diiute HNO3.
Add 10.0 mL conc. HNO3; and dilute
to 1,000 mi. with deionized, distilled
water,

7.4  Mixed calibration standard so-
lutions-—Prepare mixed calibration
standard solutions by combining ap-
propriate volumes of the stock solu-
tions in volumetric flasks. {See 7.4.1
thru 7.4.5) Add 2 mL of (1+1)

HCI and dilute to 100 mL with
deionized, distilled water. (See Notes
1 and 8.) Prior to preparing the mixed
standards, each stock solution shouid
be analyzed separately to determine
possible spectral interference or the
presence of impurities. Care should
be taken when preparing the mixed
standards that the elements are com-
patible and stable. Transfer the mixed
standard solutions to a FEP fluoro-
carbon or unused polyethylene bottle
for storage. Fresh mixed standards
should be prepared as needed with-
the realization that concentration can
change on aging. Calibration stand-
ards must be initially verified using

a quality control sample and moni-
tored weekly for stability (See 7.6.3).
Although not specifically required,
some typical calibration standard com-
binations follow when using those
specific wavelengths listed in Table
1.

7.4.1 Mixed standard solution |—
Manganese, beryllium, cadmium, lead,
and zinc.

7.4.2 Mixed standard solution Il—
Barium, copper, iron, vanadium, and
cobalt.

7.4.3 Mixed standard solution lli—
Molybdenum, silica, arsenic, and
selenium.

7.4.4  Mixed standard solution IV—
Calcium, sodium, potassium, alumi-
num, chromium and nickel.




7.4.5 Mixed standard solution V—
Antimony, boron, magnesium, silver,
and thallium.

NOTE 1: If the addition of silver
to the recommended acid combination
results in an initial precipitation,
add 15 mL of deionized distilled
water and warm the flask until the
solution clears. Cool and dilute to 100
ml with deionized, distilled water. For
this acid combination the silver con-
centration should be limited to 2
mg/L. Silver under these conditions
is stable in a tap water matrix
for 30 days. Higher concentrations
of silver require additional HCI.

7.5 Two types of blanks are required
for the analysis. The calibration blank
{3.13) is used in establishing the
analytical curve while the reagent
blank (3.12) is used to correct for
possible contamination resulting from
varying amounts of the acids used in
the sample processing.

7.5.1 The calibration blank is pre-
pared by diluting 2 mL of (1+1) HNO3;
and 10 mL of (1+1) HCI to 100 mL
with deionized, distilled water. (See
Note 6.) Prepare a sufficient quantity
to be used to flush the system be-
tween standards and samples.

7.5.2 The reagent blank must con-
contain all the reagents and in the
same volumes as used in the pro-
cessing of the samples. The reagent
blank must be carried through the
complete procedure and contain the
same acid concentration in the final
solution as the sample solution
used for analysis.

7.6 In addition to the calibration
standards, an instrument check stan-
dard (3.7), an interference check
sample (3.8) and a quality control
sample (3.9) are also required for the
analyses. ‘

7.6.1 The instrument check standard

is prepared by the analyst by com-
bining compatible elements at a con-
centration equivalent to the midpoint
of their respective calibration curves.
(See 12.1.1)

7.6.2 The interference check sample
is prepared by the analyst in the
following manner. Select a
representative sample which contains
minimal concentrations of the
analytes of interest by known con-
centration of interfering elements that
will provide an adequate test of the
correction factors. Spike the sample
with the elements of interest at the
approximate concentration of either
100 ug/L or 5 times the estimated

detection limits given in Table 1. (For
effluent samples of expected high
concentrations, spike at an
appropriate level.) If the type of
samples analyzed are varied, a
synthetically prepared sample may be
used if the above criteria and intent
are met. A limited supply of a i
synthetic interference check sample
will be available from the Quality
Assurance Branch of EMSL-
Cincinnati. (See 12.1.2)

7.6.3 The guality control samiple
should be prepared in the same acid
matrix as the calibration standards

at a concentration near 1 mg/L and in
accordance with the instructions
provided by the supplier. The Quality
Assurance Branch of EMSL-Cincinnati
will either supply a quality control
sample or information where one of
equal quality can be procured. (See
12.1.3)

8. Sample handling an
preservation

8.1 For the determination of trace
elements, contamination and loss are
of prime concern. Dust in the labora-
tory environment, impurities in
reagents and impurities on laboratory
apparatus which the sample contacts
are all sources of potential
contamination. Sample containers can
introduce either positive or negative
errors in the measurement of trace
elements by (a) contributing con-
taminants through leaching or surface
desorption and (b) by depleting
concentrations through adsorption.
Thus the collection and treatment of
the sample prior to analysis requires
particular attention. Laboratory
glassware including the sample bottle
(whether polyethylene, polyproplyene
or FEP-fluorocarbon) should be
thoroughly washed with detergent
and tap water; rinsed with (1+1) nitric
acid, tap water, (1+1) hydrochloric
acid, tap and finally deionized, distilled
water in that order (See Notes 2 and
3).
NOTE 2: Chromic acid may be useful to
remove organic deposits from glass-
ware; however, the analyst should be
be cautioned that the glassware must
be thoroughly rinsed with water to
remove the last traces of chromium.
This is especially important if chromium
is to be included in the analytical
scheme. A commercial product, NOCH-
ROMIX, available from Godax Labor-
atories, 6 Varick St., New York, NY
10013, may be used in place of
chromic acid. Chomic acid should not
be used with plastic bottles.

NOTE 3: lf it can be documented through
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an active analytical quality control
program using spiked samples and re-
agent blanks, that certain steps in the
cleaning procedure are not required for
routine samples, those steps may be
eliminated from the procedure.

8.2 Before collection of the sample a
decision must be made as to the type
of data desired, that is dissolved,
suspended or total, so that the appro-
priate preservation and pretreatment
steps may be accomplished. Filtration,
acid preservation, etc., are to be per-
formed at the time the sample is ~
collected of as soon as possible
thereafter.

8.2.1 For the determination of dis-
solved elements the sample must be
filtered through a 0.45-um membrane
filter as soon as practical after collec-
tion. (Glass or plastic filtering appara-
tus are recommended to avoid possi-
ble contamination.) Use the first 50-
100 mL to rinse the filter flask. Dis-
card this portion and collect the
required volume of filtrate. Acidify the
filtrate with (1+1) HNOs to'a pH of 2
or less. Normally, 3 mL of (1+1) acid
per liter should be sufficient to pre-
serve the sample.

8.2.2 For the determination of sus-
pended elements a measured volume
of unpreserved sample must be fil-
tered through a 0.45-um membrane
filter as soon as practical after
collection. The filter plus suspended
material should be transferred to a
suitable container for storage and/or
shipment. No preservative is required.

8.2.3 For the determination of total
or total recoverable elements, the
sample is acidified with (1+1) HNO3
to pH 2 or less as soon as possible,
preferable at the time of collection.
The sample is not filtered before
processing. :

9. Sample Preparation

9.1 For the determinations of dis-
solved elements, the filtered,
preserved sample may often be
analyzed as received. The acid matrix
and concentration of the samples and
calibration standards must be the

.same. (See Note 6.) If a precipitate

formed upon acidification of the
sample or during transit or storage, it
must be redissolved before the
analysis by adding additional acid
and/or by heat as described in 9.3.

9.2 For the determination of sus-
pended elements, transfer the mem-
brane filter containing the insoluble
material to a 150-mL Griffin beaker
and add 4 mL conc. HNOgs. Cover the




beaker with a watch glass and heat
gently. The wam acid will soon dis-
solve the membrane.
Increase the temperature of the
" hot plate and digest the material.
When the acid has nearly evaporated,
cool the beaker and watch glass and
add another 3 mL of conc. HNO3.
Cover and continue heating until the
_digestion is complete, generally indi-
cated by a light colored digestate.
Evaporate to near dryness (2 mL), cool,
add 10 mL HCI (1+1) and 15 mL
deionized, distilled water per 100 mL
dilution and warm the beaker gently
for 15 min. to dissolve any precipi-
tated or residue material. Allow to
cool, wash down the watch glass and
beaker walls with deionized distilled
water and filter the sample to remove
insoluble material that could clog the
nebulizer. (See Note 4.) Adjust the
volume based on the expected con-
centrations of elements present. This
volume will vary depending on the
elements to be determined (See Note
. 6). The sample is. now ready for
analysis. Concentrations so determined
shall be reported as “suspended.”’
NOTE 4: In place of filtering, the
sample after diluting and mixing may
be centrifuged or allowed to settle by
gravity overnight to remove insoluble
material.

9.3 For the determination of total
elements, choose a measured, volume
of the well mixed acid preserved
sample appropriate for the expected
level of elements and transfer to a
Griffin beaker. (See Note 5.) Add 3 mL
of conc. HNOg. Place the beaker on

a hot plate and evaporate to near dry-
ness cautiously, making certain that
the sample does not boil and that no
area of the bottom of the beaker is
allowed to go dry. Cool the beaker and
add another 5 mL portion of conc.
HNOs. Cover the beaker with a watch
glass and return to the hot plate.
Increase the température of the hot
plate so that a gentle reflux action
occurs. Continue heating, adding addi-
" tional acid as necessary, until the
digestion is complete (generally indi-
cated when the digestate is light

in color or does not change in appear-
ance with continued refluxing.) Again,
evaporate to near dryness and cool
the beaker. Add 10 mL of 1+1 HCI
and 15 mL of deionized, distilled
water per 100 mL of final solution
and warm the beaker gently for 15
min. to dissolve any precipitate or
residue resulting from evaporation.
Allow to cool, wash down the beaker
walls and watch glass with deionized

distilled water and filter the sample to .

remove insoluble material that could

clog the nebulizer. (See Note 4.) Adjust
the sample to a predetermined volume
based on the expected concentrations
of elements present. The sample is
now ready for analysis (See Note 6).
Concentrations so determined shall be
reported as “total.”

NOTE 5: If low determinations of
boron are critical, quartz glassware
should be use.

NOTE 6: If the sample analysis solution
has a different acid concentration
from that given in 9.4, but does not
introduce a physical interference or
affect the analytical result, the same
calibration standards may be used. -

9.4 For the determination of tota}
recoverable elements, choose a mea-
sured.volume of a well mixed, acid
preserved sample appropriate for the
expected level of elements and trans-
fer to a Griffin beaker. {(See Note 5.)
Add 2 mL of (1+1) HNO3 and 10 mL
of (1+1) HCI to the sample and heat
on a steam bath or hot plate until the
volume has been reduced to near 25
mL making certain the sample does
not boil. After this treatment, cool
the sample and filter to remove inso-
luble material that could clog the
nebulizer. (See Note 4.) Ad]USt the
volume to 100 mL and mix. The sample
is now ready for analysis. Concentra-
tions so determined shall be reported
as “total.”

10. Procedure

10.1  Set up instrument with proper
operating parameters established in
6.2. The instrument must be allowed
to become thermally stable before be-
ginning. This usually requires at least
30 min. of operation pl’lOl’ to calibra-
tion. .

10.2 Initiate appropriate operating
configuration of computer.

10.3 Profile and calibrate instru-
ment according to instrument
manufacturer’s recommended
procedures, using the typical mixed.
calibration standard solutions
described in 7.4. Flush the system
with the calibration blank (7.5.1)
between each standard. (See Note 7. )
(The use of the average intensity of
multiple exposures for both
standardization and sample analysis
has been found to reduce random
error.)

NOTE 7: For boron concentrations
greater than 500 ug/L extended flush
times of 1 to 2 min. may be required.

10.4 Before beginning the sampler

‘run, reanalyze the hlghest mixed

calibration standard as if it were a
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sampl‘e.' Concentration, values obtained
should not deviate from.the actual
values by more than * 5 percent

. {or the established control limits

whichever is. lower). If they do, follow
the recommendations of the instru-
ment manufacturer to correct for this
condition. '

10.5 Begin the sample run flushing

‘the system with the calibration blank

solution (7.5.1) between each sample.
(See Note 7.) Analyze the instrument
check standard (7.6.1) and the calibra-

* tion blank (7.5.1) each 10 samples.

10.6 If it has been found that
method of standard addition are
required, the following procedure is
recommended.

70.6.1 The standard addition tech-
nique (14.2) involves preparing new
standards in the sample matrix by
adding known amounts of standard to
one or more aliquots of the processed
sample solution. This technique ‘com-
pensates for a sample constituent that
enhances or depresses the analyte
signal thus producing a different slope
from that of the calibration standards.
It will not correct for additive inter-
ference which causes a baseline shift.
The simplest version of this technique
is the single-addition method. The
procedure is as follows. Two identical
aliquots of the sample solution, each
of volume V,, are taken. To the

first (labeled A) is added a small
volume Vs of a standard analyte
solution of concentration cs. To the
second {labeled B) is added the same
volume Vs of the solvent. The analy-
tical signals of A and B are measured
and corrected for nonanalyte signals.
The unknown sample concentration
Cx is calculated:

SaVsCs
(Sa - Sp) Vx

Cx =

where Sa and'Sg are'the analytlcal

signals (corrected for the blank) of
solutions A and B, respectively. Vs
and c¢s should be chosen so that S,
is roughly twice Sg on the average. It
is best if Vs is made much less than
Vx, and thus cs is much greater than
Cx, to avoid excess dilution of the
sample matrix. If a separation or
concentration step is used, the
additions are best made first and
carried through the entire procedure.
For the results from this technique to
be valid, the following limitations
must be taken into consideration:

1. The analytical curve must be linear.
2. The chemical form of the analyte.
added must respond the same as the
analyte in the sample.




3. The interference effect must be
constant over the working range of
concern.

4. The signal must be corrected for
any additive interference.

11. Calculation

11.1 Reagent blanks {7.5.2) should
be subtracted from all samples. This is
particularly important for digested
samples requiring large quantities of
acids to complete the digestion.

11.2 [f dilutions were performed,
the appropriate factor must be applied
to sample values.

11.3 Data should be rounded to the
thousandth place and all results
should be reported in mg/L up to
three significant figures.

12. Quality Control
{Instrumental)

12.1 Check the instrument
standardization by analyzing
appropriate quality control check
standards as follow:

712.1.1 Analyze an appropriate
instrument check standard (7.6.1)
containing the elements of interest at
a frequency of 10%. This check
standard is used to determine
instrument drift. If agreement is not
within £5% of the expected values or
within the established control limits,
whichever is lower, the analysis is out
of control. The analysis should be
terminated, the problem corrected,
and the instrument recalibrated.

Analyze the calibration blank (7.5.1)
at a frequency of 10%. The result
should be within the established
cantrol limits of two standard devia-
tions of the mean value. If not, repeat
the analysis two more times and
average the three results. If the
average is not within the control limit,
terminate the analysis, correct the
problem and recalibrate the
instrument.

12.1.2 To verify interelement and
background correction factors analyze
the interference check sample (7.6.2)
at the beginning, end, and at periodic
intervals throughout the sample run.
Results should fall within the
established control limits of 1.5 times
the standard deviation of the mean
value. if not, terminate the analysis,
correct the problem and recalibrate
the instrument.

12.1.3 A quality control sample
{7.6.3) obtained from an outside
source must first be used for the
initial verification of the calibration

standards. A fresh dilution of this
sample shall be anlayzed every week
thereafter to monitor their stability. If
the results are not within £5% of the
true value listed for the control
sample, prepare a new calibration
standard and recalibrate the
instrument. If this does not correct the
problem, prepare a new stock
standard and a new calibration
standard and repeat the calibration.

Precision and Accuracy

13.1 In an EPA round robin phase 1
study, seven laboratories applied the
ICP technigue to acid-distilled water
matrices that had been dosed with
various metal concentrates. Table 4
lists the true value, the mean reported
value and the mean % relative
standard deviation.
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Table 1. Recommended Wavelengths ' and Estimated Instrumental
Detection Limits ‘ . S

Estimated detection

Element Wavelength, nm limit, ug/L?
Aluminum . 308.215 - 45
Arsenic 193.696 i N X
Antimony 206.833 32
Barium 455.403 : ' 2
Beryllium 313.042 .03
Boron 249.773 -5
Cadmium 226.502 4
Calcium 317.933 s 10
Chromium 267.716 o 7
Cobalt 228.616 7
Copper 324.7564 : 6
Iron 259.940 7
Lead 220.353 42
Magnesium 279.079 30
Manganese 257.610 2
" Molybdenum 202.030 : 8
Nickel 2371.604 ] 15
Potassium - 766.491 ‘see®
Selenium 196.026 .75
Silica (Si0z) 288.158 58
Silver 328.068 7
Sodjum . 588.995 o 29
Thallium . 190.864 - , 40
Vanadium 292.402 . - : 8
Zine | 213.856 2

'The wavelengths listed are recommended because of their sensitivity and

overall‘acceptance. Other wavelengths may be substituted if they can .

provide the needed sensitivity and are treated with the same corrective ‘ . -
techniques for spectral interference. (See 5.1.1.). ) :
2The estimated instrumental detection limits as shown are taken.from

“Inductively Coupled Plasma-Atomic Emission Spectroscopy-Prominent )

Lines, “EPA-600/4-79-017. They are given as a guide for an instrumental

fimit. The actual method detection limits are sample depéndent. and may vary

as the sample matrix varies. ' o
3Highly dependent on operating conditions and plasma position.
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Table 2. Analyte Concentration Equivalents (mg/L) Arising From Interferents at the 100 mg/L Zeve/

Analyte Wavelength, nm : : Interferent -~

‘ Al Ca Cr Cu Fe Mg Mn Ni Ti v
Aluminum 308.215 —_ — — e — — 0.21 — — 1.4
Antimony 206.833 0.47 — 2.9 —_— 008  — — —L. 256045
Arsenic 193.696 1.3 — 044 - @ - - = . — — — 7.1
Barium 455.403 — — — — - - = s
Beryllium 313.042 - = — — — — = - 004 005
Boron 249.773 004 . — — - 032 - | — L= — —
Cadmium 226.502 — — — — 003 — @ = 0.02 — -
Calcium 317.933 —_ —_— 0.08 — 0.01 0.017 0.04 —_ 0.03 003
Chromium 267.716 | — — — - 0.003 — 0.04 — — 0.94
Cobalt 228.616 U — 003 — 0005 — . — 003 015 ‘
Copper 324.754 — — — — 0003 — - . — — 0.05 0.02
iron 259.940 — — C— — — = 012 - . — —
Lead 220.353 017 — — — — — — — -
Magnesium 279.079 — 002 0.11 — 013 — 025 — 007 012
Manganese 257.610 0.005 — 0.01 —_ 0.002. 0.002 ' — — =
Molybdenum 202.030 0.05 - - = — o003 — — — - —
Nickel 231.604 — —_ — — — — —_ e .= —
Selenium 196.026 0.23 —_ _ e = 0.09 — — — — —.
Silicon 288.158 —_ — 0.07 — — — — — — -0.01
Sodium 588.995 — — — _ — S — — 0.08 —
Thallium 190.864 0.30 — — — —_— - — — — -
Venadium 292.402 — — 005 — 0005 — — — 002 —
Zinc 273856 -_ —_ —_ 0.14 — e — 0.29 _ -

Table 3. Interferent and Analyte Elemental Concen-
trations Used for Interference Measurements

in Table 2.

Analytes {mg/L) Interferents mg/L)
Al 10 Al 71000
As 10 Ca 1000
8 10 Cr 200
Ba 7 Cu 200
Be 7 Fe 1000
Ca 7 Mg 7000
Ccd 70 Mn 200
Co 7 Ni 200
cr 7 Ti 200
Cu 7 v 200
Fe 7

Mg H

Mn 7

Mo 10

Na 10

Ni 70

Pb 70

St 10

Se 10

Si 7

Tl 70

v 7

Zn 70
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Table 4. ICP Precision and Ac:z,tdracy' Data

é‘amp)e #2

Sample #3

Sample # 1

e - Mean : ) Mean D “Mean- - -

.. True Reported Mean’ True . Reported - Mean . True Reported . Mean
L Value  Value Percent Value Value Percent Value = . :Value Percent -
Element : ug/L ug/L RSD. — pug/L ug/L RSD . ug/L - Sug/L RSD :
Be' 750 733 6.2 20 20 9.8 180 - 176 52
Mn 350 345 2.7 15 15 6.7 100 - 99 3.3
v 750 749 1.8 70 69 2.9 170 169 7.1
As 200 208 7.5 22 19 23 60° . 63 17
Cr 150 149 3.8 10 10 .18 50 " 50 3.3
Cu 250 235 5.1 117 77 40 70 . 67 7.9.
Fe 600 - 5694 3.0.. 20 .19 16 180. 178 6.0
Al 700 .. 696 56 60 62 33 160 ~161 13
Cd 50 48 12 2.5 2.9 16 14 13 16
Co 500 512 10. - 20 . 20 4.1 7120 - 108 21
Ni 250 245 . 58 30 28 77 60 - . 55 14
Pb 250 236 16 24 30 32 80 " 80 14
Zn 200 2071 5.6 16 19 45 80 82 9.4
Se 40 32 27.9 8.5 42 10 - 85 83

"Not all elements were ana/yzéd by all ‘laboratjb‘rie‘s.

Dec. 1982

Metals-29.,







ALUMINUM
Method 202.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01105
Dissolved 01106
Suspended 01107

Optimum Concentration Range:  5-50 mg/1 using a wavelength 6f 309.3 nm
Sensitivity: 1mg/1 '
Detection Limit: 0.1 mg/1

Preparation of Standard Solution

1. Stock Solution: Carefully weigh 1. OOO gram of aluminum metal (analytical reagent
grade). Add 15 ml of conc. HCl and 5 m] conc. HN Osto the metal, cover the beaker and
warm gently. When solution is complete, transfer quantitatively toa 1 liter volumetric
flask and make up to volume with deionized d1st111ed water. 1 ml =1 mg Al(1000 mg/1).

2. Potassium Chloride Solution: Dissolve 95 g potassium chloride (KCD) in deionized
distilled water and make up to 1 liter. :

3. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing. To each 100 ml of standard and sample alike add 2.0 ml potassium chlonde
solution.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorptlon Methods
section of this manual.

Sample Preparation
1. The procedures for the preparation of the sample as given in part 4.1.1 through 4.1.4 of
the Atomic Absorption Methods section of this manual have been found to be
satisfactory.

Instrumental Parameters (General)
Aluminum hollow cathode lamp
Wavelength: 309.3 nm

Fuel: Acetylene

Oxidant: Nitrous oxide

el o o
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Type of flame: Fuel rich

Analysis Procedure

1.

For ana1y51s procedure and calculatlon, see “Dlrect Asp1rat10n”, part 9 1 of the Atomic
Absorption Methods section of this manual.

Interferences

1.

Aluminum is partially ionized in the nitrous oxide-acetylene flame. This problem may be
controlled by the addition of an alkali metal (potassmm, 1000 ug/ ml) to both sample and
standard solutions. ‘

E

The following lines may also be used:

308.2 nm Relative Sensitivity 1

396.2 nm Relative Sensitivity 2

394.4 nm Relative Sensitivity 2.5 -

Data to be entered into STORET must be reported as ug/ 1

For concentrations of aluminum below 0.3 mg/1, the furnace procedure (Method 202 2)
isrecommended. : :
The Eriochrome cyanine R colorimetric method may also be used. The optimum range
for this method lies between 20 and 300 ug/1. (Standard Methods, 14th Edition, p. 171.)
In the absence of fluorides and complex phosphates, a detection limit of 6 ug/ lis
possible. A

Precision and Accuracy

1.

An interlaboratory study on trace metal analyses by atomic absorption was conducted by
the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic
concentrates containing varying levels of aluminum, cadmium, chromium, copper; iron,
manganese, lead and zinc were added to natural water samples The statlstlcal results for
aluminum were as follows:

True values - Mean Value - - ‘Deviation i Accuracy as
ug/liter ug/liter | ug/liter = % Bias

1281 299 63
1003 391 © o Lot
463 - ... 202 . “14
5 . . 212 ... .68

96 108 175

109 168 626




ALUMINUM

Method 202.2 (Atomic Absorption, furnace technique)-

!‘ STORET NO. Total 01105

Dissolved 01106

e Suspended 01107

Optlmum (-Ylorrcentrati'orr"rRJerlge:, 4 20—200ug/ 1‘
Detectiorl Limit: 3ug/1

Preparation of Standard Solution : ‘-
1. Stock solution: Prepare as described under “dlrect asplratlon method” .
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. Thecalibration standard. should be dlluted to contain 0.5% (v/ v) HNO3
Sample Preservatlon
.. 1. - For sample handling and preservatlon, see part 4.1 of the Atomlc Absorptlon Methods
- -section of this manual. : : .

Sample Preparatmn
1. Prepare as described under “direct aspiration method”. Sample solutlons for analy31s

should contain 0.5% (v/ v) HNO3

Instrument Parameters (General)

1.. Drying Time and Temp: 30sec-125°C. . -
. 2. - Ashing Time and Temp:- 30sec—1300°C. -

3.  Atomizing Time and Temp: 10 sec—2700°C.

4.  Purge Gas Atmmosphere: Argon

5.  Wavelength: 309.3nm :

6.  Other operating parameters should be set as specified by.the particular mstrument

- .manufacturer. - L b '
Analys1s Procedure

1. - For the analysis procedure and the caculatlon, see “Furnace Procedure” part 9.3 of the
Atomlc Absorption Methods section of this manual. ’

Approved for NPDES
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Notes

5.

6.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphite.

Background correction may be required if the sample contains hlgh dlssolved solids.

It has been reported that chloride ion and that nitrogen used as a purge gas suppress the
aluminum signal. Therefore the use of halide acids and mtrogen as a purge gas should be
avoided.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual) ‘ TR
If method of standard addition is required, follow the procedure given earher in part 8.5.
of the Atomic Absorption Methods section of this manual. '
Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

L.

Precision and accuracy data are not available at this time.
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ANTIMONY
Method 204 1 (Atomlc absorptmn, direct aspu'atlon)

‘,STORET NQ.;-. Total 01097
: Dissolved 01095
R " S : Suspended 01096

e e b - . . ' il e e e e . R g e
a4 R O ST o , . . R s ' K ¢ : §2

-

Optimum Concentration Range: 140 mg/ 1 us1ng a wavelength of 217 6 nm

- Sensitivity: - '0.5mg/1 :

Detection Limit: 0.2mg/1
Preparation of Standard Solution '

1. Stock Solution: Carefully weigh 2.7426 g of antimony potassmm tartrate
K(SbO)C4H 406« %H20 (analytical reagent grade) and dissolve in deionized distilled
water. Dilute to 1 liter with deionized distilled water. 1 ml =1 mg Sb (1000 mg//1).

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either dlrectly or after
processing.

Sample Preservation :
1. For sample handling and preservation, see part 4.1 of the Atomic Absorptlon Methods
section of this manual.

Sample Preparation ‘ ‘ ’
1. The procedures for preparation of the sample as given in parts 4.1.1 through 4.1.4 of the

Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)

1.  Antimony hollow cathode lamp

2. Wavelength: 217.6 nm

3. Fuel: Acetylene

4.  Oxidant: Air

5.  Typeof flame: Fuel lean
Analysis Procedure

1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.

Approved for NPDES
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Interferences
1. In the presence of lead (1000 mg/1), a spectral interference may occur at the 217.6 nm
resonance line. In this case the 231.1 nm antimony line should be used.
2.  Increasing acid concentrations decrease antimony absorptioh.‘ To avoid this effect, the
acid concentration in the samples and in the standards should be matched.

Data to be entered into STORET must be reported as ug/1. “
For concentrations of antimony below 0.35 mg/1, the furnace procedure (Method 204.2)
is recommended.

Precision and Accuracy
1.  In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent at
concentrations of 5.0 and 15 mg Sb/1, the standard deviations were +0.08 and +0.1,
respectively. Recoveries at these levels were 96% and 97%, respectively.

204.1-2




ANTIMONY
Method 204.2 (Atomic Absorption, furnace technique)

STORET NO. Total 01097
Dissolved 01095
Suspended 01096

Optimum Concentration Range: - 20-300 ug/1
Detection Limit: 3ug/1

Preparation of Standard Solution
1. . . Stock solution: Prepare as described under “direct aspiration method”.
2.  Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are-also to be used for “standard additions”.
3. The calibration standard should be diluted to contain 0.2% (v/v) HNO,.

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation ‘

1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.3 of the
Atomic Absorption Methods section of this manual should be followed including the
addition of sufficient 1:1 HCI to dissolve the digested residue for the analysis of
suspended or total antimony. The sample solutions used for analysis should contain 2%
(v/v) HNO,.

Instrument Parameters (General)

Drying Time and Temp: 30sec—-125°C.

Ashing Time and Temp: 30 sec—-800°C.

Atomizing Time and Temp: 10 sec-2700°C.

Purge Gas Atmosphere: Argon

Wavelength: 217.6 nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

S AW =

Analysis Procedure
1.  For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Approved for NPDES
Issued 1978 .

204.2-1




6.

7.

L'he above concentration values and instrument conditions are for a Perkin-Elmer HGA -
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings.

The use of background correction is recommended.

Nitrogen may also be used as the purge gas. ‘ o
If chloride concentration presents a matrix problem or causes a loss prev1ous to
atomization, add an excess of 5 mg of ammonium nitrate to the furnace and ash using a2
ramp accessory or with incremental steps until the recommended ashing temperature is ’
reached. ' ‘

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorptlon Methods
section of this manual).

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

1.

Precision and accuracy data are not available at this time.




ARSENIC

Method 206.2 (Atomic Absorption, furnace technique)

STORET NO. Total 01002
Dissolved 01000
Suspended 01001
Optimum Concentration Range: 5-100 ug/1
Detection Limit: 1 ug/1

Preparation of Standard Solution
1. Stock solution: Dissolve 1.320 g of arsenic trioxide, As,0; (analytical reagent grade) in
100 m! of deionized distilled water cohtaining 4 g NaOH. Acidify the solution with 20 ml
conc. HNO; and dilute to 1 liter. 1 ml = 1 mg As (1000 mg/1).

2. Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS reagent grade Ni(NO,),*6H,0 in
deionized distilled water and make up to 100ml.

3. Nickel Nitrate Solution, 1%: Dilute 20 ml of the 5% nickel nitrate to 100 ml with
deionized distilled water.

4.  Working Arsenic Solution: Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Withdraw appropriate aliquots of the stock
solution, add 1 ml of conc. HNO;, 2ml of 30% H,O, and 2ml of the 5% nickel nitrate
solution. Dilute to 100 ml with deionized distilled water.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. Transfer 100 ml of well-mixed sample to a 250 ml Griffin beaker, add 2 ml of 30% H,0,
and sufficient conc. HNO, to result in an acid concentration of 19%(v/v). Heat for 1 hour
at 95°C or until the volume is slightly less than 50 ml.

2. Cool and bring back to 50 ml with deionized distilled water.
3. Pipet 5 ml of this digested solution into a 10-ml volumetric flask, add 1 ml of the 1%

nickel nitrate solution and dilute to 10 ml with deionized distilled water. The sample is
now ready for injection into the furnace. ‘

Approved for NPDES and SDWA
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NOTE: If solubilization or digestion is not required, adjust the HNO, concentration of
the sample to 1% (v/v) and add 2 ml of 30%H,0, and 2 ml of 5% nickel nitrate to each
100 ml of sample. The volume of the: calibration standard should be adjusted with
deionized distilled water to match the volume change of the sample.

Instrument Parameters (General)

1.  Drying Time and Temp: 30 sec~125°C.

2.  Ashing Time and Temp: 30 sec—1100°C.

3.  Atomizing Time and Temp: 10 sec-2700°C.

4.  Purge Gas Atmosphere: Argon

5.  Wavelength: 193.7 nm

6.  Other operating parameters should be set as spe01ﬁed by the partlcular instrument
manufacturer 7

Analysis Procedure :

1.  For the analysis procedure and the calculation, see “Furnace Procedure” part 9. 3 of the

Atomic Absorptlon Methods sectlon of th1s manual R
Notes

1.  Theabove concentration values and instrument cond1t1ons are fora Perkm Elmer HGA-
2100, based on the use of a 20 ul injection, purge gas interrupt and non pyrolyuc
graphite. Smaller size furnace devices or those employmg faster rates of atomization can

" be operated using lower atomization temperatures for shorter tlme penods than the
above recommended settings. i '

2.  Theuse of background correction is recommended.

3. For every sample matrix analyzed, verification is necessary to determme that method of
standard addition is not required (see part 5.2.1 of the’ Atomlc Absorptlon Methods
section of this manual).

4,  If method of standard addition is required, follow the procedure g1ven earlrer 1n part 8.5
of the Atomic Absorption Methods section of this manual.

5.  For quality control requlrements and optlonal recommendations for use in drinking
water analyses, see part 10 of the Atfomic Absorptlon Methods sectlon of th1s manual

6.  Datato beentered into STORET must be reported asug/1.

Precision and Accuracy : :

1. In a single laboratory (EMSL), us1ng a mlxed 1ndustr1a1-domest1c Waste effluent
containing 15 ug/1 and spiked with concentratlons of 2, 10 and 25 ug/ 1, recoveries of
85%, 90% and 88% were obtained respectively. The relatlve standard deviation at these
concentrations levels were +8.8%, +8.2%, +5.4% and +8. 7%, respectlvely

2. Inasingle laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations

of 20, 50 and 100 ug As/1, the standard deviations were +0.7, 11.1 and +1.6
respectively. Recoveries at these levels were 105%, 106% and 101%, respectively.

206.2-2°




' ARSENIC
Method 206 3 (Atomlc Absorptlon—gaseous hydrlde)

STORET NO. Total 01002
~ Dissolved 01000
Suspended 01001

1. Scope and Application _ :

1.1 The gaseous hydride method determines inorganic arsenic when present in
concentrations at or above 2 ug/1. The method is applicable to drinking water and most
fresh and saline waters in the absence of high concentrations of chromium, cobalt,
copper, mercury, molybdenum, nickel and silver.

2. Summary of Method
2.1 Arsenicin the sample is first reduced to the trivalent form using SnCl, and converted to
arsine, AsH,, using zinc metal. The gaseous hydride is swept into an argon-hydrogen
flame of an atomic absorption spectrophotometer. The working range of the method is
- 2-20 ug/1. The 193.7 nm wavelength line is used.
3. Comments :
3.1 In analyzmg dnnklng water and most surface and ground waters, lnterferences are rarely
o encountered. Industrial waste samples should be splked with a known amount of arsenic
to establish adequate recovery.
3.2 Organic forms of arsenic must be converted to inorganic compounds and organic matter
must be oxidized before beginning the analysis. The oxidation procedure given in
- Method 206.5 (Standard Methods, 14th Edition, Method 404B, p. 285, Procedure 4.a)
has been found suitable.

3.3 For sample handling and preservatlon, see part 4.1 of the Atomic Absorptlon Methods
section of this manual.

3.4 For quality control requlrements and opt10na1 recommendations for use in drinking

' water analyses, see part 10 of the Atomic Absorption Methods section of this manual.

3.5 Datatobeentered into STORET must be reported as ug/1.

4. Precision and Accuracy
4.1 Ten replicate solutions of o-arsenilic acid at the 5, 10 and 20 ug/1 level were analyzed by.
a single laboratory. Standard deviations were +0.3, +0.9and +1.1 with recoveries of 94,
93 and 85%, respectively. (Caldwell J. S., Lishka, R. J., and McFarren, E. F.,
“Evaluation of a Low Cost Arsenic and Selenium Determmatlon at Microgram per Liter
Levels”, JAWWA,, vol 65, p 731, Nov., 1973.)
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5. References

5.1, Except for the perchloric acid step, the procedure fo be used for this determination is
found in: Standard Methods for the Examination of Water and Wastewater, 14th
Edition, p159, Method 301A(VII),(1975)
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_ARSENIC .
Method 206 4 (Spectrophotometrlc-SDDC)

STORET NO. 01002
Inorganic, Dissolved 00095

Inorganic, Total 00997
Inorganic, Suspended 00996

1.  Scopeand Ai)plication

1.1

1.2

The silver diethyldithiocarbamate method determines inorganic arsenic when present in
concentrations at or above 10 ug/1. The method is applicable to drinking water and most
fresh and saline waters in the absence of high concentrations of chromium, cobalt,
copper, mercury, molybdenum, nickel, and silver. Domestic and industrial wastes may
also be analyzed after digestion (see 3.3).

Difficulties may be encountered with certain industrial waste materials containing
volatile substances. High sulfur content of wastes may exceed removal capacity of the
lead acetate scrubber. :

2. Summary of Method

2.1

Arsenic in the sample is reduced to arsine, AsH;, in acid solution in a hydrogen
generator. The arsine is passed through a scrubber to remove sulfide and is absorbed in a
solution of silver diethyldithiocarbamate dissolved in pyridine. The red complex thus
formed is measured in a spectrophotometer at 535 nm.

3. Comments

3.1

3.2
33

34

3.5

In analyzing drinking water and most surface and ground waters, interferences are rarely

encountered. Industrial waste samples should be spiked with a known amount of arsenic

to establish adequate recovery.

It is essential that the system be airtight during evolution of the arsine, to avoid losses.

If concentration of the sample and/or oxidation of any organic matter is required, refer

to Method 206.5. [Standard Methods, 14th Edition, Method 404B, p. 284, Procedure 4.a

(1975)]. For sample handling and preservation, see part 4.1 of the Atomic Absorption

Methods section of this manual.

3.3.1 Since nitric acid gives a negative interference in this test, use sulfuric acid as a
preservative if only inorganic arsenic is being measured.

1-Ephedrine in chloroform has been found to be a suitable solvent for silver

diethyldithiocarbamate if the analyst finds the odor of pyridine objectionable [Anal.

Chem. 45, 1786 (1973)].

For quality control requirements and optional recommendations for use in drinking

water analyses, see part 10 of the Atomic Absorption Methods section of this manual.
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Precision and Accuracy

4.1 In a round-robin study reported by Standard Methods a synthetic unknown sample
containing 40 ug/1, as As, with other metals was analyzed in 46 laboratories. Relative
standard deviation was . +13.8% and relative error was 0%. |

Reference : | '

5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p. 283,
Method 404A. (1975).




ARSENIC'

Method 206 5 (Sample Dlgestlon Prlor to Total Arsenlc
Analysis by Sllver Dlethyldlthlocarbamate or Hydrlde
Procedures)

1. Scope and Application: o
1.1 Both the silver diethyldithiocarbamate spectrophotometric method and the AA hydride
procedure measure inorganic arsenic. Therefore, if either of these procedures are being
employed for the purpose of measuring total arsenic (inorganic plus organic), all
organically bound arsenic must first be converted to an inorganic form prior to the
analytical determination. This may be accomplished with H,SO,~HNO,.
2. Procedure
2.1 To a suitable sample containing from 2 to 30 ug of arsenic, add 7 m! (1+ 1) H,SO, and 5
ml conc HNO;. Evaporate the sample to SO, fumes. Caution: If the sample chars, stop
the digestion immediately, cool and add additional conc HNO;. Continue digestion
adding additional conc HNO; as necessary.
2.2 If the sample remains colorless, or straw-yellow during evolution of SO; fumes, the
digestion is complete.
2.3 Cool the digested sample, add about 25 ml distilled water, and again evaporate to SO,
fumes to expel oxides of nitrogen.
2.4 The sample is now ready for analysis using either the hydride or spectrophotometric
procedure.
3.  Interferences
3.1 All traces of nitric acid must be removed before either the spectrophotometric or the
hydride procedures are applied. Oxides of nitrogen should be expelled by taking the
sample to fumes of SO;.
4.  Notes
4.1  The digestion step may be carried out in a flask on a hot-plate or in a Kjeldahl apparatus.
This digestion step may also be used, in effect, to concentrate the sample, inasmuch as
any size volume may be processed.

Bibliography

1. Standard Methods for the Examination of Water and Wastewater, p285, method 404B, step 4a,
14th Edition (1975).
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BARIUM
Method 208.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01007
Dissolved 01005
Suspended 01006

Optimum Concentration Range:  1-20 mg/1 using a wavelength of 553.6 nm
Sensitivity: 0.4 mg/1 '
Detection Limit: 0.1mg/1

Preparation of Standard Solution

1. Stock Solution: Dissolve 1.7787 g barium chloride (BaCl,»2H,0, analytical reagent
grade) in deionized distilled water and dilute to 1 liter. 1 ml = 1mgBa (1000 mg/1).

- 2. Potassium chloride solution: Dissolve 95 g potassium chloride, KCl, in deionized
distilled water and make up to 1 liter.

3. Prepare dilutions of the stock barium solution to be used as calibration standards at the
time of analysis. To each 100 ml of standard and sample alike add 2.0 ml potassium
chloride solution. The calibration standards should be prepared using the same type of
acid and the same concentration as will result in the sample to be analyzed either directly
or after processing.

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1.~ The procedures for preparation of the sample as given in parts 4.1.1 through 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)
Barium hollow cathode lamp
Wavelength: 553.6 nm

Fuel: Acetylene

Oxidant: Nitrous oxide

Type of flame: Fuel rich

N
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Analysis Procedure

1. For analysis procedure and calculatlon, see “Direct Aspiration”, part 9.1 of the Atomic

Absorption Methods section of this manual.
Interferences

1. The use of a nitrous oxide-acetylene flame virtually eliminates chemical interference;
however, barium is easily ionized in this flame and potassium must be added (1000 mg/1)
to standards and samples alike to control this effect.

2. Ifthe nitrous oxide flame is not available and acetylene-air is used, phosphate, silicon and
aluminum will severely depress the barium absorbance. This may be overcome by the
addition of 2000 mg/1 lanthanum.

Notes o o e

1.  Datatobeentered into STORET must be reported as ug/1.

2 For concentrations of barium below 0.2 mg/ 1, the furnace procedure (Method 208.2) is
recommended. : e

3. For quality control requirements and opt10na1 recommendations for use in drinking

water analyses, see part 10 of the Atomic Absorption Methods section of this manual. < -

Precision and Accuracy

1.

In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent at
concentrations of 0.40 and 2.0 mg Ba/l, the standard deviations were +0.043
and 10.13, respectively. Recovereis at these levels were 94% and 113%, respectively.

In a round-robin study reported by Standard Methods (13th Edition, p215, method
120A, 1971), three synthetic samples containing barium were analyzed by 13
laboratories. At concentrations of 500, 1000 and 5000 ug Ba/1, the reported standard
deviations were +50, +89 and +185 ug, respectlvely The relatlve error at these
concentrations was 8.6%, 2.7% and 1. 4%, respectlvely

‘b
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BARIUM

Method 208.2 (Atomic )Ab'sorption, furnace technique)v

STORET NO. 01007
Dissolved 01005

: Suspended 01006

Optimum Concentration Range:  10-200 ug/1

Detection Limit: 2ug/1 :

Preparation of Standard Selution
1. Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to used for “standard additions”.
3. Thecalibration standard should be diluted to contain 0.5% (v/v) HNOs.

Sample Preservation :
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Plfeparation
1.. Prepare as described under “direct aspiration method”. Sample solutions for analysis
should contain 0.5% (v/v) HNO,.

Instrument Parameters (General) S

Drying Time and Temp: 30 sec~125°C.

Ashing Time and Temp: 30 sec-1200°C.

Atomizing Time and Temp: 10 sec—2800°C.

Purge Gas Atmosphere: Argon

Wavelength: 553.6nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

AU e

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
' Atomic Absorption Methods section of this manual.

Notes ,
1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and pyrolytic
graphite.

Approved for NPDES and SDWA
Issued 1978

208.2-1




The use of halide acid should be avoided.
Because of possible chemical interaction, nitrogen should not. be used as a purge gas.
For every sample matrix analyzed verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).
If .method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

6. For quahty control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomlc Absorptlon Methods section of thlS manual,

7.  Datatobe entered into STORET must be reported as ug/ 1. "

Precision and Accuracy
1.  Inasinglelaboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentratlons
of 500 and 1000 ug Ba/1, the standard dev1at10ns were i2 5 and +2.2 ug, respectlvely
Recoveries at these levels were 96% and 102%, respectlvely A dllutlon of 1:10 was
required to bring the spikes within the analytical range of the method




BERYLLIUM
Methods 210.1 (Atomic YA.bs‘olrptiio‘n, direct aspiration)

STORET NO Total 01012
Dissolved 01010
Suspended 01011

Optimum Concentration Range:  0.05-2 mg/1 using a wavelength 0f 234.9 nm
Sensitivity: 0.025 mg/1 R '
Detection Limit: 0.005 mg/1

Preparatlon of Standard Solution
1. Stock solution: Dissolve 19.6558 g beryllium sulfate; BeSOe4H;0, in deionized
~ " distilled water containing 2 ml conc n1tr1c acid and dllute to 1 liter. 1 m! =1 mg Be
(1000 mg/1). ‘

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing. »

Sample Preservation

1. For sample handling and preservatlon, see part 4.1 of the Atomic Absorption Methods

section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 through 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)

1. Beryllium hollow cathode lamp

2. Wavelength: 234.9 nm

3. Fuel: Acetylene

4.  Ozxidant: Nitrous oxide

5.  Typeof flame: Fuel rich
Analysis Procedure

1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.

Approved for NPDES
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Interferences

Sodium and silicon at concentrations in excess of 1000 mg/1 have been found to severely
depress the beryllium absorbance.

Bicarbonate ion is reported to interfere; however, its effect is eliminated when samples
are acidified to a pH of 1.5.

Aluminum at concentrations of 500 wg/l is reported to depress the sensitivity of
beryllium [Spectrochim Acta 22, 1325 (1966)].

1.

2.

3.

Data to be entered into STORET must be reported as ug/1.

The “aluminon colorimetric method” may also be used (Standard Methods, 14th
Edition, p 177). The minimum detectable concentration by this method is 5 ug/1.

For concentrations of beryllium below 0.02 mg/1, the furnace procedure (Method 210.2)
is recommended.

Precision and Accuracy

L.

In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent at
concentrations of 0.01, 0.05 and 0.25 mg Be/1, the standard deviations were +0.001,
+0.001 and +0.002, respectively. Recoveries at these levels were 100%, 98% and 97%,
respectively.




BERYLLIUM

Method 210 2 (Atomlc Absorptlon, furnace techmque)

STORET NO. 01012
- Dissolved 01010
S --Suspended 01011
Optimum Concentration Range:  1-30 ug/1
Detection Limit: 0.2 ug/ 1

Preparation of Standard Solutlon o R : ,
1.; Stock solution: Prepare as described under “direct: aspirat1on method”. -
.+2. <. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. Thecalibration standard should be diluted to contain 0.5% (v/v) HNO,.

-.. Sample Preservation -

1. - - For sample handhng and preservat1on, see part 4. 1 of the Atomlc Absorptlon Methods
». section of this manual.. e '

Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis

should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)

1. Drying Time and Temp: 30 sec~125°C.
2.  Ashing Time and Temp: 30 sec—1000°C.
3. Atomizing Time and Temp: 10 sec-2800°C.
4.  Purge Gas Atmosphere: Argon
5.  Wavelength: 234.9nm
6.  The operating parameters should be set as specified by the particular instrument
manufacturer.
Analysis Procedure

1. For the analysis procedure and the calculation see “Furnace Procedure” part 9.3 of the
Atomic Absorption methods section of this manual. '

Notes
1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA -
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphite. Smaller size furnace devices or those employing faster rates of atomization can

Approved for NPDES
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6.

be operated using lower atomization temperatures for shorter time periods than the
above recommended settings.

The use of background correction is recommended.

Because of possible chemical interaction and reported lower sensitivity, nitrogen should
not be used as the purge gas.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual). ‘

If method of standard addition is required, follow the procedure given earlier in part 8. 5
of the Atomic Absorption Methods section of this manual.

Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

1.

Precision and Accuracy data are not available at this time.
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BORON
Method 212.3 (Colorimetric, Curcumin)

STORET NO. Total 01022
Dissolved 01020
Suspended 01021

1. Scope and Application

1.1 This colorimetric method finds maximum utility for waters whose boron content is

, below 1 mg/1. Co

1.2 The optimum range of the method on undiluted or unconcentrated samples is 0.1-1.0
'mg/1 of boron.

1.3 This method is applicable to drinking, and surface waters, domestic and industrial

. wastes.
2.  Summary of Method .

2.1 When a sample of water containing boron is acidified and evaporated in the presence of
curcumin, a red-colored product,called rosocyanine is formed. The rosocyanine is taken
up in a suitable solvent, and the red color is compared with standards photometrically.

3. Comments

3.1 Nitrate nitrogen concentrations above 20 mg/1 interfere.

3.2 - Significantly high results are possible when the total of calcium and magnesium hardness
exceeds 100 mg/1 as CaCO;. Passing the sample through a cation exchange resin
eliminates this problem.

3.3 . Close control of such variables as volumes and concentrations of reagents, as well as time
and temperature of drying, must be exercised for maximum accuracy.

3.4  Data to be entered into STORET must be reported as ug/1.

4, Precision and Accuracy

4.1 A synthetic sample prepared by the Analytical Reference Service, PHS, containing 240

ug/1 B, 40 ug/1 As, 250 ug/1 Be, 20 ug/1 Se, and 6 ug/1 V in distilled water, was
‘analyzed by the curcumin method with a relative standard deviation of 22.8% and a
relative error of 0% in 30 laboratories.

5.  Reference

5.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 287,
Method 405A (1975).
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CADMIUM
Method 213.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01027
Dissolved 01025
Suspended 01026

Optimum Concentration Range:  0.05-2 mg/1 using a wavelength 0f 228.8 nm
Sensitivity: 0.025 mg/1
Detection Limit: 0.005 mg/1

Preparation of Standard Solution
’ 1. Stock Solution: Carefully weigh 2.282 g of cadmium sulfate (3CdSO,+8H,0, analytical
reagent grade) and dissolve in deionized distilled water make up to 1 liter with
deionized distilled water. 1 ml =1 mg Cd (1000 mg/1).

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing.

Sample Preservation

1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods

section of this manual.

Sample Preparation ,
1. The procedures for preparation of the sample as given in parts 4.1.1 through 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)

1. Cadmium hollow cathode lamp

2.  Wavelength: 228.8 nm

3. Fuel: Acetylene

4. Oxidant: Air

5.  Typeof flame: Oxidizing
Analysis Procedure

1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.

Approved for NPDES and SDWA
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For levels of cadmium below 20 ug/1, either the Special Extraction Procedure given in
Part 9.2 of the Atomic Absorption methods section as the furnace technique, Method

213.2 is recommended.

Data to be entered into STORET must be reported as,ug/1.

For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.” -

Precision and Accuracy ‘ ‘
An interlaboratory study on trace metal analyses by atomic absorption was c‘onducted by
the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic
concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron,
manganese, lead and zinc were added to natural water samples. The statistical results for
cadmium were as follows: | )

1.

True Values Mean Value
ug/liter ug/liter

70
74
16.8
18.3
3.3
2.9

AR

Standard
Deviation Accuracy as

ug/liter -.. "~ % Bias.

21 S =22
8 -5.7
11.0 19.8
10.3 oo 19
50 135
2.8 4.7




CADMIUM
Method 213.2 (Atomic Absorption, furnace technique)

- STORET NO. 01027
Dissolved 01025

I Suspended 01026

Optimum Concentration Range:  0.5-10 ug/1 , g

Detection Limit: - 0.1ug/1 -

Preparation of Standard Solution S
1. Stock solution: Prepare as described under “direct aspiration method”. -

-.-2. Ammonium Phosphate solution (40%): Dissolve 40 grams of ammonium phosphate,
(NHa4)2HPO4(analytical reagent grade) in deionized distilled water and dilute to 100 ml.
- 3. Prepare dilutions of the stock cadmium s,olutién to be used as calibration standards at the
time of analysis. To each 100 ml of standard and .sample alike add 2.0 ml of the
ammonium phosphate solution. The calibration standards should be prepared to contain

0.5% (v/v) HNO,.

Sample Preservation , o
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. Prepare as described under “direct aspiration method”, Sample solutions for analysis

should contain 0.5% (v/v) HNO,. '

Instrument Parameters (General)

1.  Drying Time and Temp: 30 sec—125°C.
2. Ashing Timeand Temp: 30 sec—500°C.
3. Atomizing Time and Temp: 10 sec—1900°C.
4.  Purge Gas Atmosphere: Argon
5. Wavelength: 228.8nm
6.  Other operating parameters should be set as specified by the particular instrument
manufacturer. '
Analysis Procedure
"1, Forthe analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the

Atomic Absorption Methods section of this manual.
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6.

7.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphlte Smaller size furnace devices or those employmgw faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings. .

The use of background correction is recommended.

Contamination from the work area is critical in cadmrum analys1s Use of p1pet trps
which are free of cadmium is of partrcular 1mportance (See part 5. 2 9 of the Atom1c
Absorption Methods section of this manual.)

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomlc Absorptlon Methods
section of this manual).

If method of standard addition is requlred follow the procedure grven earller in part 8.5
of the Atomic Absorptron Methods sectlon of this manual.

For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorptlon Methods sectlon of thrs manual.
Data to be entered mto STORET must be reported as ug/ 1 | S

Precision and Accuracy

1.

In a single laboratory (EMSL), using Cincinnati, Ohio tap water splked at concentrations
of 2.5, 5.0 and 10.0 ug Cd/1, the standard deviations were +0.10, +0.16 and +0.33,

respectively. Recoveries at these levels were 96%), 999% and 98%, respeotrvely




CALCIUM

¥

STt Method 215 1 (Atomlc Absorptmn, dlrect aspu'atlon)

STORET NO. Total 00916
‘ Dlssolved 00915

| Optlmum Concentratlon Range 10.2-7 mg}l using a wavelength of 422.7‘n1n A
Sensitivity: ~ 0.08 mg/1 o L '
D»e_‘te}ctlon Limit: ,001mg/1
'Preparatmn of Standard Solutwn ‘
;....1. Stock Solution: Suspend 1.250 g of CaCO3 (analytlcal reagent grade) dned at 180°Cfor 1
- 'hour before welghmg, in delomzed distilled water and dlssolve cautlously with a
minimum of dllute HCL Dllute to 1000 ml w1th de1on1zed d1st111ed water. 1 ml = 0.5

o mg Ca (500 mg/l) o :

" 2." Lanthanum chlorlde solutlon Dlssolve 29 g of La203, slowly and in, small portions, in
250 ml conc. HCI (Caution: Reaction is violent) and dilute to 500 ml with deionized
distilled water. : :

P N Prepare dilutions of the stock calcium solutions to be used as cahbranon standards at the

L ‘ time of analysis. To each 10 ml volume of cahbratlon standard and sample alike add 1.0

" mlof the lanthanum chlorlde solutlon, Le, 20 ml of standard or sample + 2mlLaCl; =

22 ml.
Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.
Sample Preparation
1. For the analysis of total calcium in domestic and industrial effluents, the procedures for

the determination of total metals as given in parts 4.1.3 and 4.1.4 of the Atomic
Absorption Methods section of this manual have been found to be satisfactory.

2. For ambient waters, a representative aliquot of a well-mixed sample may be used directly
for analysis. If suspended solids are present in sufficient amounts to clog the nebulizer,
the sample may be allowed to settle and the supernatant liquid analyzed directly.

Instrumental Parameters (General)
1.  Calcium hollow cathode lamp
2.  Wavelength: 422.7 nm
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3.  Fuel: Acetylene

4.  Ogzxidant: Air

5.  Typeofflame: Reducing

Analysis Procedure

1.  For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.

Notes ‘ ‘ ‘ ‘

1.  Phosphate, sulfate and aluminum interfere but are masked by the addition of lanthanum.
Since low calcium values result if the pH of the sample is above 7, both standards and
samples are prepared in dilute hydrochloric acid solution. Concentrations of maghesium
greater than 1000 mg/1 also cause low calcium values. Concentrations of up to 500 mg/1
each of sodium, potassium and nitrate cause no interference.

2.  Anionic chemical interferences can be expected if lanthanum is not used in samples and
standards.

3. The nitrous oxide-acetylene flame will provide two to five times greater sensitivity and
freedom from chemical interferences. Ionization interferences should be controlied by
adding a large amount of alkali to the sample and standards. The analysis appears to be
free from chemical suppressions in the nitrous ox1de-acetylene flame. (Atomic
Absorption Newsletter 14, 29 [1975)).

4,  The239.9 nm line may also be used. This line has a relative sensitivity of 120.

5.  Datatobeentered into STORET must be reported as mg/1.

6. The EDTA titrimetric method may also be used (Standard Methods, 14th Edition, p
189). :

Precision and Accuracy
1.  Inasingle laboratory (EMSL), using distilled water spiked at concentrations of 9.0 and

36 mgCa/1, the standard deviations were +0.3 and 0.6, respectively. Recoveries at
both these levels were 99%.
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CALCIUM
Method 215.2 (Titrimetric, EDTA)

STORET NO. Calcium (mg/1 CaCO,) 00910
: Calcium, Total (mg/1 Ca) 00916

1. Scope and Application

1.1 This method is applicable to drinking and surface waters, domestic and industrial wastes.

1.2 The lower detection limit of this method is approximately 0.5 mg/1 as CaCO;; the upper
limit can be extended to all concentrations by sample dilution. It is recommended that a
sample aliquot containing not more than 25 mg CaCO; be used.

2. Summary of Method ‘

2.1 Calcium ion is sequestered upon the addition of disodium dihydrogen ethylenediamine
tetraacetate (EDTA). The titration end point is detected by means of an mdlcator which
combines with calcium only.

3.  Interferences - :

3.1 Strontium and barium interfere and alkalinity in excess of 30 mg/1 may cause an
indistinct end point. Magnesium interference is reduced or eliminated by raising the pH
between 12-13 to precipitate magnesrum hydroxide.

4.  Apparatus
4.1 Routine laboratory titrimetric glassware
5. Reagents

5.1 Sodium hydroxide, NaOH, 1 N

5.2 Indicators
5.2.1 Many indicators are available, both laboratory prepared and commer01al and may

be used. Two are described here.

5.2.2 Murexide (ammonium purpurate) indicator: This changes from pink to purple.
Dissolve 150 mg of the dye in 100 g absolute ethylene, glycol. If a dry powder is
preferred mix 200 mg murexide with 100 g solid NaCl and grind to 40 to 50 mesh.
Titrate immediately after adding indicator because it is unstable under alkaline
conditions. ,

5.2.3 Eriochrome Blue Black R (sodium-1-(2-hydroxy-1-naphthylazo)-2-naphthol-4-
sulfonic acid) indicator: This changes from red through purple to bluish purpletoa
pure blue without any trace of red or purple tint. The pH of some waters must be
raised to 14 (rather than 12-13) by the use of 8 N NaOH in order to get a good
color change. Grind in a mortar 200 mg powdered dye and 100 g solid NaCl to 40
to 50 mesh. Store in tightly stoppered bottle. Use 0.2 g of this mixture for titration.
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5.3 Standard EDTA titrant, 0.02 N: Place 8.728 g analytical reagent grade disodium
ethylenediamine tetraacetate dihydrate, Na,H,C,;H,,0,N,2 H,O in a 1 liter volumetric
flask and dilute to the mark with distilled water. Check with standard calcium solution

~ (5.3.1) by titration (5.3.5). Store in polyethylene Check periodically because of gradual
deterioration.

5.3.1 Standard calcium solution, 0.02 N: Place 1.000 g anhydrous calcium carbonate
(primary standard low in heavy metals, alkalies and magnesium) in a 500 ml
flask. Add, a littleata time 1 +1 HCI (5.3.2) until all of the CaCOs has dissolved.
Add 200 ml distilled water. Boil for a few minutes toeXpel COz Cool. Add a few
drops of methyl red indicator (5.3.3) and adjust to 1ntermed1ate ~orange color by
adding 3N NH4OH (5.3.4) or I +1 HCI (5.8.2) as requlred Quantltatlvely
transfer to a 1 liter volumetric flask and dilute to mark with dlstllled water.

5.3.2 Hydrochloric acid solution, 1 4+ 1 -

5.3.3 Methyl red indicator: Dlssolve 0.10 g methyl red i in distilled water in a 100 ml.
volumetric flask and dilute to mark.

5.3.4 Ammonium hydroxide solution, 3 N

5.3.5 Standardization titration procedure: Place 10 ml standard calc1um solution
(5.3.1)in a vessel containing about 50 ml distilled water. Add 1 ml buffer solution
(5.8.6). Add 1-2 drops indicator (5.8.7) or small scoop of dry indicator (5.8.7).
Titrate slowly with continuous stirring until the last reddish tinge disappears,
adding last few drops at 3-5 second intervals. At end point the color is blue. Total
titration duration should be <5 minutes from the tlme of buffer addltlon

0.2
N of EDTA =
ml EDTA

5.3.6 Buffer solution: Dissolve 16.9 g ammonium chlorxde in 143 ml’ conc ammonium
hydroxide in a 250 ml volumetric flask. Add 1.25 g of magnesium salt of EDTA
(5.3.8) and dilute to the mark with distilled water. Store in tlghtly stoppered plastlc
bottle. ’

5. 3 7 Indicator: Commercially available Enochrome Black T is used i m one of the three
methods described. All gradually deterlorate
5.3.7.1 Mix 0.5 gdyewith4.5¢g hydroxylamme hydrochlorlde Dlssolve in 100

ml of 95% ethanol or isopropanol. |
5.3.7.2 Place 0.5-1.0 g dye in 100 g of triethanolamine or 2-methoxyethanol.
5.3.7.3 Mix 0.5 gdye and 1‘00"g NaCl for dry formulation.

5.3.8 EDTA Magnesium Salt: Commerc1a11y available.

6.  Procedure

6.1 Pretreatment 7 »
6.1.1 For drinking waters, surface waters, saline waters, and dilutions thereof, no

pretreatment steps are necessary. Proceed to 6.2. -

6.1.2 For most wastewaters and highly polluted waters, the sample must be digested as
given in the Atomic Absorption Methods section of this manual, paragraphs 4.1.3
and 4.1.4. Following this digestion, proceed to 6.2.

6.2 Sample Preparation:

6.2.1 The calcium content of the 50 ml aliquot to be titrated should be 5-10 mg,
therefore dilution should be used for high calcium concentrations.
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6.2.2 If the alkalinity is > 300 mg/1 CaCO; and cannot be reduced by dilution because
of low calcium concentration, the alkalinity must be decreased by acidifying,
o b0111ng one minute and cooling.

6.3 Titration . ‘ . v ‘ ,

' ~6.3.1 Add 2.0 m] NaOH solution (5.1), or a volume sufficient to produce pH 12 to 13, to
50 ml of sample
6. 3 2 Stir. Add0.1t00.2 g mdlcator (5.220r 5.2. Jorl-2 drops 1f indicator solution is
, used.

6.3.3 Immediately titrate with contmuous stlrnng Check to see that no further color
change occurs when using murexide (5.2.2) by adding 1 to 2 more drops of titrant
after recording milliliters of titrant at first judged end point.

Calculations
7.1 Total calcium

[

A X N x 20,040

mg/1Ca = ml of sample

Lw‘here

‘A = ml titrant

N = Normahty of EDTA solutlon
7.2 Calcium hardness

1CaCO, = . AXNx50,000
mg/1 CaCO; ml of sample

_ where Aand N are the same as in 7. 1.
Precision and Accuracy
.8.1 A synthetic unknown sample containing 108 mg/1 Ca, 82 mg/1 Mg, 3. 1 mg/1 K, 19.9
mg/1 Na, 241 mg/1 chloride, 1.1 mg/1 nitrate N, 250 ug/1 nitrite N, 259 mg/1 sulfate,
and 42.5 mg/1 total alkalinity in distilled water was determined by this method with a
relative standard deviation of 9.2% and a relative error of 1.9% in 44 laboratories.

‘Bibliography

Standard Methods for the Examiﬁation of Water and AWarstewater, 14th Edition, p 189,
Method 306C (1975).

" Annual Book of ASTM Standards, Part 31, “Water”, Standard D511-76, Method B, p 253
(1976).
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CHROMIUM
Method 218.1 (Atomic Absorption, direct aspiration) .

STORET NO. Total 01034
Dissolved 01030
Suspended 01031

Optimum Concentration Range:  0.5-10mg/1 usinga wavelength of 357.9 nm
Sensitivity: 0.25mg/1
Detection Limit: 0.05mg/1

Preparation of Standard Solution .

1. Stock Solution: Dissolve 1.923 g of chromium trioxide (CrQs, reagent grade) in deionized
distilled water. When solution is complete, acidify with redistilled HNO, and dilute to 1
liter with deionized distilled water. 1 ml = 1 mg Cr (1000 mg/1).

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing. '

Sample Preservation : ‘
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
' Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)
Chromium hollow cathode lamp
Wavelength: 357.9 nm

Fuel: Acetylene

Oxidant: Nitrous oxide

Type of flame: Fuel rich

Rl

Analysis Procedure
1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.

Approved for NPDES and SDWA
Issued 1971
Editorial revision 1974 and 1978

218.1-1




Notes

The following wavelengths may also be used:
359.3 nm Relative Sensitivity 1.4

425.4 nm Relative Sensitivity 2

427.5 nm Relative Sensitivity 3

428.9 nm Relative Sensitivity 4

The fuel rich air-acetylene flame provides greater sensitivity but is subject to chemical
and matrix interference from iron, nickel, and other metals. If the analysis is performed
in a lean flame the interference can be lessened but the sensitivity will also be reduced.
The suppression of both Cr (III) and Cr (VI) absorption by most interfering ions in fuel
rich air-acetylene flames is reportedly controlled by the addition of 1% ammonium
bifluoride in 0.2% sodium sulfate [Talanta 20, 631 (1973)]. A 1% oxine solution is also
reported to be useful.

For levels of chromium between 50 and 200 ug/1 where the air-acetylene ﬂame can not
be used or for levels below 50 ug/1, either the furnace procedure or the extraction
procedure is recommended. See Method 218.2 for the furnace procedure and Method
218.3 for the chelation—extraction procedure.

For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.
Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

L.

An interlaboratory study on trace metal analyses by atomic absorption was conducted by
the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic
concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron,
manganese, lead and zinc were added to natural water samples. The statlstlcal results for
chromium were as follows: :

‘Standard

True Values Mean Value Deviation Accuracy as
ug/liter ug/liter ug/liter . % Bias
370 353 105 ‘ ‘4.5
407 380 128 ' © —6.5

74 72 o 29 : . =31
93 84 35 -10.2
7.4 10.2 7.8 37.7

15.0 16.0 9.0 6.8
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CHROMIUM

Method 218.2 (Atomic Absorption, furnace technique)

'STORET NO. 01034
Dissolved 01030
Suspended 01031

Optimum Concéhtration Range: 5-100ug/1
Detection Limit: 1ug/1 ’

Preparation of Standard Solution ~ '

1. Stock solution: Prepare as described under “direct aspiration method”. _

2. Calcium Nitrate Solution: Dissolve 11.8 grams of calcium nitrate, Ca(NO;), » 4H,0O
(analytical reagent grade) in delomzed distilled water and dilute to 100 ml I ml =20 mg
Ca.

3. Prepare dilutions of the stock chromlum solution to be used as calibration standards at
the time of analysis. The calibration standards should be prepared to contain 0.5% (v/ V)
HNO:. To each 100 ml of standard and sample ahke, add 1 ml of 30% H202 and 1 ml of
the calcium nitrate solution..

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorptlon Methods'
section .of this manual. :

Sample Preparatlon ‘ . . .
1.  Prepare as descnbed under “dlrect asplratlon method”.- Sample solutions for analysis
should contain 0.5% v/v HNO,. : . :

Instrument Parameters (General)
Drying Time and Temp: 30 sec—125°C.
Ashing Time and Temp: 30 sec-1000°C.
Atomizing Time and Temp: 10 sec-2700°C.
Purge Gas Atmosphere: Argon
- Wavelength: 357.9 nm
' Other operating parameters should be set as specified by the particular instrument
manufacturer.

ARl

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Approved for NPDES and SDWA
Issued 1978
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Notes

v oW

9.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injecton, continuous flow purge gas and non-pyrolytic
graphite. - R

Hydrogen peroxide is added to the acidified solution to convert all chromium to the
trivalent state. Calcium is added to a level above 200 mg/1 where its suppressive effect
becomes constant up to 1000 mg/1.

Background correction may be required if the sample contains high dissolved solids.
Nitrogen should not be used as a purge gas because of possible CN band interference.
Pipet tips have been reported to be a possible source of contamination. (See part5.2.9 of
the Atomic Absorption Methods section of this manual.)

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual). -

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absofptioﬁ Methodé‘s‘ection of this manual.
Data to be entered into STORET must be reported as ug/1. ‘

Precision and Accuracy

1.

In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations
of 19, 48, and 77 ug Cr/l, the standard deviations were +0.1, 10.2, and +0.8,
respectively. Recoveries at these levels were 97%, 101%, and 102%, respectively.
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CHROMIUM

Method 218.3 (Atomic Absorption, chelation-extraction)

»

STORET NO. 01034

1.  Scopeand Application

1.1 This method covers the determination of total chromium in drinking, surface and saline
waters. The method may also be applicable to certain domestic and industrial wastes
provided that no interfering substances are present. (See 3.1)

1.2 The method may be used to analyze samples containing from 1.0 to 25 ug of chromium
per liter.

1.3 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

2.  Summary of the Method

2.1 This method is based on the chelation of hexavalent chromium with ammonium
pyrrolidine dithiocarbamate (APDC) following oxidation of trivalent chromium. The
chelate is extracted with methyl isobutyl ketone (MIBK) and aspirated into the flame of
the atomic absorption spectrophotometer.

2.2 Hexavalent chromium may also be chelated with pyrrolidine dithiocarbamic acid in
chloroform as described in section 9.2 of the atomic absorption text found in this manual.

3.  Interferences

3.1 High concentrations of other reactive metals, as may be found in wastewaters, may
interfere. The method is free from interferences from elements normally occurring in
fresh water.

4.  Instrumental Parameters (General)
4.1 Chromium hollow cathode lamp.
- 4.2 Wavelength: 357.9 nm

4.3 Fuel: Acetylene

4.4 Oxidant: Air

4.5 Type of flame: Fuel rich (adjust for organic solvent).

5. Reagents

5.1.  Ammonium pyrrolidine dithiocarbamate (APDC) solution. Dissolve 1.0 g APDC in
demineralized water and dilute to 100 m1. Prepare fresh daily.

5.2 Bromophenol blue indicator solution: Dissolve 0.1 g bromophenol blue in 100 ml
50-percent ethanol.

5.3 Potassium dichromate standard solution, 1.0 m1 = 0.08 mg Cr: Dissolve 0.2263 g dried
analytical reagent grade K,Cr,0; in demineralized water and make up to 1000 m1.

5.4 Trivalent chromium stock solution, 1.0 m1 = 0.002 mg Cr*3: Pipet 5.00 m1 of the
potassium dichromate standard solution (5.3) into an Erlenmeyer flask. Add
approximately 15 mg Na,SO; and 0.5 m1 concentrated HNO,;. Gently evaporate to

Approved for NPDES and SDWA
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5.6

5.7

5.8
5.9

5.10

dryness; strong heatmg reoxidizes the chromium. Add 0.5 m1 concentrated HNO3 and
again evaporate to dryness to destroy any’ excess sulfite. Take up in'l ml concentrated
HNO; with warming and dilute to 200.0 m1 with demmerallzed water. :

Trivalent chromium workirig: solution, 1.0 m1 = 0.005 mg C* Immedlately before

“use, dilute 25.0 m1 of thalent chromlum stock solutlon (5 4) to 1000 ml with
‘demineralized water.

Potassium permanganate, 0.1 N: Dissolve 0.32 g potassmm permanganate in 100 ml
demineralized water. -
Sodium azide, 0.1%: Dissolve 100 mg sodium azide in-demineralized water and dllute to
100 m1. ' ‘
Methyl isobutyl ketone (MIBK). o . ‘
Sodium hydroxide solution, 1 M: Dissolve 40 g NaOH in demineralized water and dilute
to 1 liter. ‘

Sulfuric acid, 0.12 M: Slowly add 6.5 ml concentrated H,SO, (sp gr 1.84) to
demineralized water and dilute to 1 liter.

Procedure

6.1

6.2

6.3

6.4

6.5

6.6
6.7

6.8

Pipet a volume of sample containig less than 2.5 ug chromium (100 m1 maximum) into a
200 m1 volumetric flask, and adjust the volume to approximately 100 m1. The pH must
be 2.0 or less. Add concentrated HNO; if necessary.

Acidify a liter of demineralized water with 1.5 m1 concentrated HNO;. Prepare a blank
and sufficient standards using trivalent chromium and adjust volumes to approximately
100 m1 with the acidified demineralized water.

Add 0.1 N KMnO, dropwise to both standards and samples until a faint pink color
persists.

Heat on a steam bath for 20 minutes. If the color disappears, add additional KMnO,
solution dropwise to maintain a slight excess.

While still on the steam bath, add sodium azide solution dropwise until the KMnO, color
just disappears. Heat for about 2 min between each addition and avoid adding any excess.
Continue heating for 5 min after adding the last drop of sodium azide solution.

Transfer the flasks to a water bath and cool to room temperature.

Remove from the water bath and filter (through Whatman No. 40 filter paper or
equivalent) any sample which has a brownish precipitate or coloration which may
interfere with the pH adjustment.

Add 2.0 mlof 1 M NaOH and 2 drops bromophenol blue indicator solution. Continue
theaddition of I M NaOH dropwise to all samples and standards in which the indicator
change from yellow to blue has not occurred. Add 0.12 M H,SO, dropwise until the blue
color just disappears, then add 2.0 m1 in excess. The pH at this point will be 2.4.

The pH adjustment to 2.4 may also be made with a pH meter instead of using an
indicator. ‘

Add 5.0 m1 APDC solution and mix. The pH should then be approximately 2.8.

Add 10.0 m1 MIBK and shake vigorously for 3 minutes.

Allow the layers to separate and add demineralized water until the ketone layer is
completely in the neck of the flask.




6.13 Aspirate the ketone layer, record the instrument reading for each sample and standard
against the blank. Repeat, and average the duplicate results.

" Calculations

7.1 Determine the ug/1 Cr in each sample from a plot of the instrument readings of
~ standards. A working curve must be prepared with each set of samples. Report Cr

concentrations as follows: Less than 10 ug/1, nearest ug/1; 10 ug/1 and above, two
significant figures. :

Precision and Accuracy

8.1 Precision and accuracy data are not available at this time.

Reference '

9.1 Atomic Absorption Newsletter 6, p. 128 (1967). -
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CHROMIUM, HEXAVALENT
Method 218.4 (Atomic Absorption, chelation-extraction)

STORET NO. 01032

Scope and Application

1.1  This method covers the determination of dissolved hexavalent chromium in drinking,
surface and saline waters. The method may also be applicable to certain domestic and
industrial wastes after filtration provided that no interferring substances are present. (See

4.1)

1.2 Themethod may be used to analyze samples containing from 10 to 250 ug of chromium
per liter.

Summary of the Method

2.1 This method is based on the chelation of hexavalent chromium with ammonium
pyrrolidine dithiocarbamate (APDC) and extraction with methyl isobutyl ketone
(MIBK). The extract is aspirated into the flame of the atomic absorption
spectrophotometer.

2.2 Hexavalent chromium may also be chelated with pyrrolidine dithiocarbamic acid in
chloroform as described in section 9.2 of the atomic absorption text found in this manual.
A pH of 2.3 must be maintained throughout the extraction.

2.3  Thediphenylcarbazide colorimetric procedure as found on p. 192 of “Standard Methods
for the Examination of Water and Wastewater”, 14th edition, 1975, may also be used.

Sample Handling and Preservation ‘

3.1 Stability of hexavalent chromium is not completely understood at this time. Therefore,
the chelation and extraction should be carried out as soon as possible.

3.2 To retard the chemical activity of hexavalent chromium, the sample should be
transported and stored until time of anlysis at 4°C. '

Interferences

4.1 High concentrations of other reactive metals, as may be found in wastewaters, may
interfere. The method is free from interferences from elements normally occurring in
fresh water.

Instrumental Parameters (General)

5.1 Chromium hollow cathode lamp.

5.2 Wavelength: 357.9 nm

5.3  Fuel: Acetylene

5.4 Ogxidant: Air :

5.5 Type of Flame: Fuel rich (adjust for organic solvent)

Reagents

6.1 Ammonium pyrrolidine dithiocarbamate (APDC) solution. Dissolve 1.0 g APDC in
demineralized water and dilute to 100 ml. Prepare fresh daily.

Approved for NPDES
Issued 1978

218.4-1




6.2 Bromophenol blue indicator solution: Dissolve 0.1 g bromophenol blue in 100 ml
50-percent ethanol.

6.3 Chromium standard solution I, 1.0 ml = 100 ug Cr: Dissolve 0. 2829 g pure, drred
K,Cr,0, in demineralized water and dilute to 1000 ml.

6.4 Chromium standard solution II, 1.0 ml = 10.0 ug Cr: Dilute 100 ml chromium standard
solution I to 1000 ml with demineralized water.

6.5 Chromium standard solution III, 1.0 ml = 0.10 ug Cr: Dilute 10.0 ml chromium

- standard solution II to 1000 ml with demineralized water. o

6.6 Methylisobutyl ketone (MIBK).

6.7 Sodium hydroxide solution, 1 M: Dissolve 40 g NaOH in demineralized water and dilute
to 1 liter. | .

6.8 Sulfuric acid, 0.12 M: Slowly add 6.5 ml concentrated H,SO, (sp gr 1.84) to
demineralized water and dilute to 1 liter.

Procedure ‘

7.1 Pipet a volume of sample containing less than 25 ug chromium (100 ml maximum)
into a 200 ml volumetric flask, and adjust the volume to approximately 100 ml.

7.2 Prepare a blank and sufficient standards, and adjust the volume of each to approximately
100 ml.

7.3 Add2 drops bromophenol blue indicator solution. (The pH adjustment to 2.4 may also
be made with a pH meter instead of using an indicator.)

7.4 Adjust the pH by addition of 1 M NaOH solution dropwxse until a blue color persists.
Add 0.12 M H,SO, dropwise until the blue color Jjust disappears in both the standards
and sample. Then add 2.0 ml of 0.12 M H,S0, i in excess. The pH at this point should be
2.4.

7.5 Add 5.0 ml APDC solution and mix. The pH should then be approx1mately 2.8

7.6 Add 10.0 ml MIBK and shake vigorously for 3 minutes.

7.7 Allow the layers to separate and add demineralized water until the ketone layer is
completely in the neck of the flask.’ |

7.8 Aspirate the ketone layer and record the scale reading for each sample and standard
against the blank. Repeat, and average the duphcate results

Calculations

8.1 Determine the ug/1 Cr*® in each sample from a plot of scale readings of standards. A
working curve must be prepared with each set of samples. Report Cr** concentrations as
follows: Less than 10 ug/1, nearest ug/1; 10 ug/1 and above, two significant figures.

Precision and Accuracy

9.1 In asingle laboratory (EMSL), using the (PDCA) extraction procedure and Cincinnati

Ohio tap water spiked at a concentration of 50 ug Cr+¢/1 the standard dev1at10n was
+2.6 with a mean recovery of 96%.

1
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SEPA

United States
Environmental Protection
Agency

Environmental Monitoring and
Support Laboratory
Cincinnati OH 452638

Research and Development

P

Tes_t Meth_od;-'

Chromlum Dlssolved
Hexavalent (Atomic

Technique)-

" 1. Scope and Application

1.1 This methed covers the -
determination:of dissolved hexavalent
chromium (Cr®*) in drinking and
surface waters. The method-may also-
be applicable to certain domestic and
industrial wastes after filtration '

* provided that potential interferring

substances are taken into account.

(See 4.1)

1. 2 The method may be used to
analyze samples containing from 5 to '
100 ug of Cr® per liter. The range of
the method may be extended upward. -
by dllutlon

2. Summary of Method
2.1 The method is based on the

separation-of Cr® from. the sample by

coprecnpltatlon of lead chromate w1th
lead sulfate in a solution of acetic’
acid. After separation, the supernate
is drawn off and the Cr® precipitate
resolubilized m nitric acid as trivalent’
chromium (Cr®") and quantified by
furnace atomic absorption.

2.2 Hexavalent chromium may also
be analyzed by the chelation/
extraction technique (see Method
218.4 or the procedure described in
9.2 of the Atomic Absorption methods
found in this manual).

218.5-1 . Dec. 1982

Absorption, Furnace
Method 218.5

3. Sample Handling and
Preservation

3.1 For sample handling, cleaning
glassware and the filtration procedure
see part 4.1 of the Atomic Absorption
Method section of this manual.

. 3.2 The sémple must not be

preserved by acidification, but instead

:transported and stored until time of

analysis at 4°C. .

. 3.3 Stability of Cr®* in environmental

samples is n ot completely understood
at this time. The chemical nature of
the sample matrix'can have a definite

. affect on the chemistry of chromium,

Therefore, the analysis should be
carried out as soon as possible but no
longer than 24 hours after collection.

4. Interferences

4.1 The possible interference from
other elements which form stable
chromates is not known at this time.

4.2 Samples with either sulfate or
chloride concentrations above 1000
mg/liter should be diluted before
analysis.

4.3 The potential reduction of Cr®
from highly reductive substances
increases as pH is lowered. When
sulfites and sulfides are present the




sample aliquot taken for analysis
should be neutralized and aerated
before beginning.

B. Instrument Parameters
{General)

6.1 Drying Time and Temp: 30 sec-
125°C,

6.2 Ashing Time and Temp: 30 sec-
1000°C.

6.3 Atomizing Time and Temp: 10
sec-2700°C,

5.4 Purge Gas Atmosphere: Argon
5.8 Wavelength: 357.9nm

5.6 Other operating parameters
should be as specified by the
particular instrument manufacturer.

6. Special Apparatus
6.1 Glassware

6.7.7 Filtering flask, heavy wall, 1
liter capacity

6.7.2 Centrifuge tubes, heavy duty,
conical, graduated, glass stoppered,
10 mL capacity

6.1.3 Pasteur pipets, borosilicate
glass, 5 ¥ inches.

6.2 Centrifuge: any centrifuge
capable of reaching 2000 rpm and
accepting the centrifuge tubes
described in 6.1.2 may be used.

6.3 pH Meter: a wide variety of
instruments are commercially
available and suitable for this work.

6.4 Test Tube Mixer: any mixer
capable of thorough vortex is
acceptable.

7. Reagents

7.1 Lead Nitrate Solution: Dissolve
33.1 grams of lead nitrate, Pb(NOa)2
{analytical reagent grade), in deionized
distilled water and dilute to 100 mL.

7.2 Ammonium Sulfate Solution:
Dissolve 2.7 grams of ammonium
sulfate, (NH4)2S04 (analytical reagent
grade), in deionized distilled water and
dilute to 100 mL.

7.3 Calcium Nitrate Solution:
Dissolve 11.8 grams of calcium
nitrate, Ca(NQj)2 - 4H20 (analytical
reagent grade), in deionized distilled
water and dilute to 100 mL. Tt mL =
20 mg Ca.

7.4 Nitric Acid, conc.: Distilled
reagent grade or equivalent to
spectrograde quality.

7.5 Acetic Acid, Glacial: ACS
reagent grade.

7.5.1 Acetic Acid, 10% {v/v): Dilute
10 mL glacial acetic acid to 100 mL
with deionized distilled water.

7.6 Ammonium Hydroxide, 10%
(v/v). Dilute 10 mL conc ammonium
hydroxide, NH4OH (analytical reagent
grade), to 100 mL with deionized
distilled water.

7.7 Hydrogen Peroxide, 30%: ACS
reagent grade,

7.8 Potassium Dichromate Standard
Solution: Dissolve 2.8285 grams of
dried potassium dichromate, K.Cr20+
(analytical reagent grade), in deionized
distilled water and dilute to 1 liter. 1
mL =1 mg Cr (1000 mg/L)

7.9 Trivalent Chromium Working
Stock Solution: To 50 mL of the
potassium dichromate standard
solution (7.8) add 1 mL of 30% H20>
(7.7) and 1 mL conc. HNQ; (7.4) and
dilute to 100 mL with deionized
distilled water 1 mL = 0.6 mg Cr®*
Prepare fresh monthly or as needed.

8. Calibration

8.1 At the time of analysis prepare a
blank and a series of at least four
calibration standards from the Cr®*
working stock (7.9) that will
adequately bracket the sample. The
normal working range covers a
concentration range of 5 to 100 ug
Cr/L. Add to the blank and each
standard 1 mL 30% H20:(7.7), 5 mL
CONC HNO3(7.4), and 1 mL calcium
nitrate solution (7.3) for each 100 mL
of prepared solution before diluting to
final volume. These calibration
standard should be prepared fresh
weekly or as needed.

8.2 The listed instrumental
conditions (5.) and the stated
calibration concentration range are for
a Perkin-Elmer HGA-2100 based on
the use of a 20uL injection, continous
flow purge gas and non-pyrolytic
graphite. The use of simultaneous
background correction is required for
both calibration and sample analysis.

9. Procedure

9.1 Transfer a 50 mL porticn of the
filtered sample to a 100mL Griffin
beaker and adjust to pH 3.5+0.3 by
adding 10% acetic acid dropwise.

Dec. 1982 218.5-2

Record the volume of acid added and
adjust the final result to account for
the dilution.

, Note: Care must be exercised not to

take the pH below 3. If the pH is
inadvertently lowered to < 3, 10%
NH4OH (7.6) should be used to raise
the pH to above 3.

9.2 Pipet a 10 mL aliquot of the
adjusted sample into a centrifuge tube
(6.1.2). Add 100ul. of the lead nitrate
solution (7.1), stopper the tube, mix the
sample and allow to stand for 3 min

9.3 After the formation of lead
chromate, retain the Cr®* complex in
solution by addition of 0.5 mL glacial
acetic acid (7.5). Stopper and mix,

9.4 To provide adequate lead sulfate
for coprecipitation add 100 mL
ammonium sulfate solution (7.2),
stopper and mix.

9.5 Place the stoppered centrifuge
tube in the centrifuge, making sure
that the tube is properly
counterbalanced. Start the centrifuge
and slowly increase the speed to
2000 rpm in small increments over a
period of 5 min. Centrifuge the sam-
ple at 2000 rpm for 10 min.

Note 2: The speed of the centrifuge
must be increased slowly to insure
complete coprecipitation.

9.6 After centrifuging remove the
tube and draw off the supernate using
the apparatus detailed in Figure 1. As
the pasteur pipet is lowered into the
tube the supernate is sucked into the
filtering flask. With care the supernate
can be withdrawn to within
approximately 0.1 mL above the
precipitate. '

9.7 To the remaining precipitate add
0.5 mL conc HNOj; (7.4), 100uL 30%
H202 (7.7) and 100l calcium nitrate
solution (7.3). Stopper the tube and
mix using a vortex mixer to disrupt
the precipitate and solubilize the lead
chromate. Dilute to 10mL, mix and
analyze in the same manner as the
calibration standard (8.2).

9.8 For the general furnace
procedure and calculation, see
“Furnace Procedure’ part 9.3 of the
Atomic Absorption Methods section of
this manual.

10. Verification

10.1 For every sample matrix
analyzed verification is necessary to
determine that neither a reducing
condition nor a chemical interference
affecting precipitation is present. This




must be accomplished by analyzing a
second 10mL aliquot of the pH-
adjusted filtrate (9.1) spiked with Cr®
(7.8). The amount of spike added
should double the concentration found
in the original aliquot. Under no -
circumstance should the increase be
of less than 30ug Cr®'/L. To verify the
absence of an interference the spike
recovery should be between 85% and
115%.

10.2  If the addition of the spike
extends the concentration beyond the
range of the calibration curve, the
analysis solution should be diluted .
with blank solution and the caiculated
results adjusted accordingly.

10.3 If the verification indicates a
suppressive interference, the sample
should be diluted and reanalyzed.

11. Analytical Notes

11.1 Nitrogen should not be used as
a purge gas because of possible CN
band interference.

11.2 The use of pyrolytic graphite
should be avoided when possible.
Generally, pyrolytic graphite resulted
in a more limited analytical working:
range and in some situations an
enhancement effect.

11.3 Pipet tips have been reported
to be a possible source of
contamination. (See part 5.2.9 of the
Atomic Absorption Methods section of
this manual.) .

11.4 The method of standard
addition should not be required in as
much as the Cr®" has been separated
from the orlglnal sample solution and
redissolved in a uniform matrix having
an absorption response coincident to
the calibration curve.

11.5 Data to be entered into
STORET (No. 01032) must be reported
as ug/L.

12. Precision and Accuracy

12.1 In a single laboratory (EMSL)
using a mixed industrial-domestic
waste effluent containing 22 ug
Cr®/L and spiked with a
concentration of 50 ug Cr6+/L the
standard deviations were + 1.0 and *+
2.7, respectively with a spike recovery
of 94%. ‘

12.2 Recoveries of a 40 ug Cr®/L
spike in diluted tannery and plating
waste effluents were 96% and 93%,
respectively.

12.3 Using Cincinnati, Ohio tap
water spiked at concentrations of
5,10, and 50 ug Cr® /L the standard -
deviations were + 0.7, £0.6, and
*0.6, respectively. Spike recovery at
all three levels was 102%

12.4 A 1000 ug Cr*/L standard
solution analyzed by this method
yielded a result of 8 ug Cr® /L with a
relative standard deviation of 19%."

12.5 The data from 5 ug Cr®/L tap
water spike was used to calculate
method detection limit (MDL) with
99% confidence as described in
“Trace Analyses for Wastewater,” J.
Glaser, D. Foerst, G. McKee, S. -
Quave, W. Budde, Environmental
Science and Technology, Voi. 15,
Number 12, page 1426, December
1981. The calculated MDL for
Cincinnati drinking water is 2.3 ug/L.
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COBALT
Method 219.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01037
Dissolved 01035
Suspended 01036

Optimum Concentration Range: 0.5-5mg/1 using a wavelength of 240.7 nm
Sensitivity: 0.2mg/1
Detection Limit: 0.05mg/1

Preparation of Standard Solution

1. Stock Solution: Dissolve 4.307 g of cobaltous chloride, CoCl,»6H,0 (analytical reagent
grade), in deionized distilled water. Add 10 ml of concentrated nitric acid and dilute to 1
liter with deionized distilled water. 1ml = 1mgCo (1000 mg/1).

2. Prepare dilutions of the stock cobalt solution to be used as calibration standards at the

' time of analysis. The calibration standards should be prepared using the same type of
acid and at the same concentration as will result in the sample to be analyzed either
directly or after processing.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)
Cobealt hollow cathode lamp
Wavelength: 240.7 nm

Fuel: Acetylene

Oxidant: Air

Type of Flame: Oxidizing

LAl dl e

Analysis Procedure
1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.

Approved for NPDES
Issued 1974
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2.

For levels of cobalt below 100 ug/1, either the Special Extraction Procedure, given in
part 9.2 of the Atomic Absorption Methods section or the furnace technique, Method
219.2is fecommendgd.

Data to be entq:éd into STORET must be reported as ug/1.

Precision and Accuracy

1.

In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent at
concentrations of 0.20, 1.0 and 5.0mg Co/1, the standard deviations were +0.013, +0.01
and +0.05, respectively. Recoveries at these levels were 98%, 98%, and 97%,
respectively.




COBALT

Method 219 2 (Atomlc Absorptlon, furnace technlque)

STORET NO. Total 01037
Dissolved 01035
Suspended 01036

Optimum Concentration Range:  5-100 ug/1
Detection Limit: 1ug/1 '

Preparation of Standard Solution
1. Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. The calibration standard should be diluted to contain 0.5% (v/v) HNO,.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis
should contain 0.5% (v/v) HNO,;.

Instrument Parameters (General)

Drying Time and Temp: 30 sec—125°C.

Ashing Time and Temp: 30 sec—900°C.

Atomizing Time and Temp: 10 sec—2700°C.

Purge Gas Atmosphere: Argon

Wavelength: 240.7 nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

S el e

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Notes :
1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of'a 20 ul injection, continuous flow purge gas and non-pyrolytic

Approved for NPDES
Issued 1978
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6.

graphite. Smaller size furnace devices or those employing“faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings. ‘

The use of background correction is recommended.

Nitrogen may also be used as the purge gas but with reported lower sensitivity.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual). ‘ ‘

If method of standard addition is required, follow the procedure given earlier i‘nl part 8.5
of the Atomic Absorption Methods section of this manual.

Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy ‘
Precision and accuracy data are not available at this time.

1.
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ik - COPPER . o »
Method 220 1 (Atomlc Absorptlon, dlrect asplratlon)

‘ STORET NO Total 01042
B o “Dissolved 01040
o ‘f_j L o Suspended 01041

. Optimum Conggntratlon Range . O 2-5mg/1 usmgawavelength of 324 7nm
' Sen51t1Vlty 0. 1mg/1 N el er Lt g i e i
Detection Limit: 002mg/1 R T

Preparation of Standard Solution “
1.  Stock Solution: Carefully welgh 1.00. g of electrolyte-copper (analyt1cal reagent grade)
Dissolve in 5 ml redistilled HNO, and make up to 1 liter with deionized distilled water.
, Final concentration is 1 mg Cu per ml (1000 mg/1).
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after ‘

processing.

Sample Preservation
1. For sample handling and preservation, see part 4 1 of the Atomic Absorption Methods

section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)
Copper hollow cathode lamp
Wavelength: 324.7 nm

Fuel: Acetylene

Oxidant: Air

Type of flame: Oxidizing

PR L=

Analysis Procedure
1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic

Absorption Methods section of this manual.
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For levels of copper below 50 ug/1, either the Special Extraction Procedure, given in part
9.2 of the Atomic Absorption Methods section or the furnace technique, Method 220.2,
is recommended.

Numerous absorption lines are available for the determination of copper. By selecting a
suitable absorption wavelength, copper samples may be analyzed over a very wide range
of concentration. The following lines may be used:

327.4 nm Relative Sensitivity 2

216.5 nm Relative Sensitivity 7

222.5 nm Relative Sensitivity 20

Data to be entered into STORET must be reported as ug/1.

The 2,9-dimethyl-1, 10-phenanthroline colorimetric method may also be used (Standard
Methods, 14th Edition, p. 196). ‘

Precision and Accuracy

An interlaboratory study on trace metal analyses by atomic absorption was conducted by
the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic
concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron,
manganese, lead and zinc were added to natural water samples. The statistical results for
copper were as follows:

1'

Number
of Labs

91
92
86
84
66
66

Standard
True Values Mean Value Deviation Accuracy as
ug/liter ug/liter ug/liter : % Bias

302 305 56 0.9
332 324 56 2.4
60 64 23 7.0
75 76 22 1.3
7.5 9.7 6.1 29.7
12.0 13.9 9.7 15.5




COPPER
Method 220.2 (Atomic Absorption, furnace technique)

STORET NO. 01042
- Dissolved 01040
Suspended 01041

Optimum Concentration Range:  5-100 ug/1
Detection Limit: lug/1

Preparation of Standard Solution
1. Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. Thecalibration standard should be diluted to contain 0.5% (v/v) HNO:;.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis

should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)

1. Drying Time and Temp: 30 sec—125°C.
2. Ashing Time and Temp: 30 sec—900°C.
3. Atomizing Time and Temp: 10 sec—2700°C.
4.  Purge Gas Atmosphere: Argon
5. Wavelength: 324.7 nm
6.  Other operating parameters should be set as specified by the particular instrument
manufacturer.
Analysis Procedure

1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Notes
1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA -
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
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graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings.

2.  Background correction may be required if the sample contains high dissolved solids.

3.  Nitrogen may also be used as the purge gas.

4.  For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorptlon Methods
section of this manual).

5.  If method of standard addition is required, follow the procedure glven earller in part 8.5
of the Atomic Absorption Methods section of this manual.

6.  Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy :
1.  Precision and accuracy data are not available at this time.
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GOLD -
- Method 231.1 (Atomic Absorption, direct'jhspirat_ioii)
_ STORET NO. Total 71910

Optimum Concentration Range: 0. 5—20 mg/ 1 us1ng a wavelength of 242. 8 nm-
Sensitivity: 0.25mg/1 :
Detection Limit: 0.1mg/1 .

Preparation of Standard Solution

1. Stock Solution: Dissolve 0.1000 g of gold metal in a minimum volume. of: aqua regiat:
Take to near dryness, cool, add 5 ml-HC], and dilute to 100 ml with deionized water.
Store in an amber glass bottle. (1 ml = 1mgAu).

2. A standard AAS solution of chloroauric acid, HAuCl,, 1000 mg/1 in aqueous matrix is
available from Alfa Products, Beverly, Massachusetts 01915.
Cat. #88068.

3. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared to contain 0.5% (v/v) HNO,.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation

1. Transfer a representative aliquot of the well mixed sample to a Griffin beaker and add 3
ml of conc. distilled HNO,. Place the beaker on a steam bath and evaporate to near
dryness. Cool the beaker and cautiously add a 5 ml portion of aqua regia. (See below for
preparation of aqua regia. ) Cover the beaker with a watch glass and return to the steam
bath. Continue heating the covered beaker for 30 minutes. Remove cover and evaporate
to near dryness. Cool and add 1:1 distilled HNO; (1 ml per 100 m1 dilution). Wash down
the beaker walls and watch glass with distilled water and filter the sample to remove
silicates and other insoluble material that could clog the atomizer. Adjust the volume to
some predetermined value based on the expected metal concentration. The sample is now
ready for analysis.

tAqua regia-prepare immediately before use by carefully adding three volumes of
conc. HCL to one volume of conc. HNO,.
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Instrumental Parameters (General)

1.  Gold hollow cathode lamp
2.  Wavelength: 242.8 nm
3.  Fuel: Acetylene
4.  Oxidant: Air ‘
5.  Typeofflame: Oxidizing
Analysis Procedure .

1.  For analysis procedure and calculation, see “Dlrect Asplratlon”, part 9.1 of the Atomlc
Absorption Methods section of this manual.
\
Notes
1. For concentrations of gold below 100 ug/ 1, the furnace procedure, Method 231.2, is
recommended,

Precision and Accuracy
1.  Precision and accuracy data are not available at this time.
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GOLD

Method 231.2 (Atomic Abéorption, fufnace teéhnidue)
STORET NO. 71910

Optimum Concentration Range:  5-100 ug/1
‘Detection .Limit: : 1 ug/l

Preparation of Standard Solution
1. Stock solution: Prepare as described under “direct aspiration method”. ‘
- 2.~ Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. Thecalibration standard should be diluted to contain 0.5% (v/v) HNO..

Sample Preservation T Lo T
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual. :

Sample Preparation
1. Prepare as described under “direct aspiration method”. -Sample solutions for analysis

should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)

1. Drying Time and Temp: 30 sec—125°C.
2.  Ashing Time and Temp: 30 sec—600°C.
3. Atomizing Time and Temp: 10 sec—2700°C.
4.  Purge Gas Atmosphere: Argon
5. Wavelength: 242.8 nm.
6.  Other operating parameters should be set as specified by the particular instrument
manufacturer.
Analysis Procedure

1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of his manual.

Notes :
1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphite. ‘
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The use of background correction is recommended.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atom1c Absorption Methods
section of this manual). ‘ ‘

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

Data to entered into STORET must be reported as ug/1.

Precision and Accuracy
1.  Precision and accuracy data are not available at this time.
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_IRIDIUM

G

" “Method 235.1 (Atomic Absorption; direct aspiration)

. .. ..STORET NO. Total*

Optimum Concentration Range: . - .20-500 mg/1 using a wavelength of 264.0 nm
Sensitivity: 8mg/1
Detection Limit: 3Img/1

Preparation of Standard Solution

1. Stock Solution: Dissolve 1.147 g of ammonium chloroiridate (NH,), IrCl;, in a minimum
volume of 1% (v/v) HCl and dilute to 100 ml with 1% HCl (1 ml = 5mgIr).

2. A standard AAS solution of chloroiridic acid, H,IrCls, 1000 mg/1 in aqueous matrix is
available from Alfa Products, Beverly, Massachusetts 01915.
Cat. $#£88072. ‘
Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared to contain 0.5% (v/v) HNO;.

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation

1. Transfer a representative aliquot of the well mixed sample to a Griffin beaker and add 3
ml of conc. distilled HNOs. Place the beaker on a steam bath and evaporate to near
dryness. Cool the beaker and cautiously add a 5 ml portion of aqua regia. (See below for
preparation of aqua regia.t) Cover the beaker with a watch glass and return to the steam
bath. Continue heating the covered beaker for 30 minutes. Remove cover and evaporate
to near dryness. Cool and add 1:1 distilled HNO; (1 ml per 100 ml dilution). Wash down
the beaker walls and watch glass with distilled water and filter the sample to remove
silicates and other insoluble material that could clog the atomizer. Adjust the volume to
some predetermined value based on the expected metal concentration. The sample is now
ready for analysis.

tAqua regia-prepare immediately before use by carefully adding three volumes
conc. HC1 to one volume of conc. HNO;.

*Not Assigned
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Instrumental Parameters (General)

1.  Iridium hollow cathode lamp

2.  Wavelength: 264.0 nm

3. Fuel:‘Acmetylene

4.  Oxidant: Air ‘ o S AT

5.  Typeofflame: Reducing ‘ L
Analysis Procedure

1. For analysis and calculation, see “Direct Aspiration”, part 9.1 of the Atbmic' ABSdfi)tion
Methods section of this manual.

Notes ‘ m o T

1. For concentrations of iridium below 3 mg/1, the furnace procedure, Methqd 235.2, is

recommended.

Precision and Accuracy ‘
1.  Precision and accuracy data are not available at this time.
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IRIDIUM

Method 235.2 (Atomic Absorption, furnace technique)

STORET NO. Total*

Optimum Concentration Range: 0.1-1.5mg/1
Detection Limit: 0.03 mg/1

Preparatlon of Standard Solution
1.” = Stock solution: Prepare as described under “direct aspiration method”.
2.  Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for *““standard additions”.
- The calculation standard should be diluted to contain 0.5% (v/v) HNO;.

Sample Preservation
1. For sample handling and preservation, see part 4. 1 of the Atomic Absorptlon Methods
section of this manual.

Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis
should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)
Drying Time and Temp: 30 sec-125°C.
Ashing Time and Temp: 30 sec—600°C.
Atomizing Time and Temp: 10 sec-2800°C.
Purge Gas Atmosphere: Argon '
Wavelength: 264.0 nm
Other operating parameters should be set as specified by the particular instrument
manufacturer.

Analysis Procedure

1. For the analysis procedure and the calculation, see *“Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

*Not Assigned
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The above concentration values and lnstrument condltlons are for a Perkin- Elmer HGA-

1.

2100, based on the ‘use of a 20 ul injection, continuous flow purge gas and pyrolytic
graphite.

2. Theuseof background correction is recommended.

3. Nitrogen may also be used as the purge gas.

4. The208.9 nm line is a factor of 3X more sensitive than the 264.0 nm line, but requires a
very narrow slit to be discriminated from nearby non-absorbing lines.

5.  For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorptlon Methods
section of this manual).

6.  If method of standard addition is required, follow the procedure glven earher in part 8. 5
of the Atomic Absorption Methods sectnon of this manual

Precision and Accuracy : -
1.  Precision and accuracy data are not avallable at this tlme
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IRON .
 Method 236.1 (Atomic Absorption, direct aspiration) .

STORET NO. Total 01045
- . . Dissolved 01046
oo -t . Suspended 01044

Optimum Concentration ‘Range: 0.3-5 mg/1 using a wavelength 0of248.3nm -~ -
Sensitivity: - 0.12mg/1- SR
Detection Limit: - 0.03mg/1

Preparation of Standard Solution . : : :
1. Stock Solution: Carefully weigh 1.000 g of pure iron wire (analytical reagent grade) and
dissolve in 5 ml redistilled HNO;, warming if necessary. When solution is complete make
up to 1 liter with deionized distilled water. 1 ml-= 1 mg Fe (1000 mg/1). o
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing. ‘

Sample Preservation

1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)
Iron hollow cathode lamp
Wavelength: 248.3 nm
Fuel: Acetylene

Oxidant: Air

Type of flame: Oxidizing

Nh W

Analysis Procedure
1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.
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The following lines may also be used:
248.8 nm Relative Sensitivity 2
271.9 nm Relative Sensitivity 4
302.1 nm Relative Sensitivity 5

'252.7 nm Relative Sensitivity 6

372.0 nm Relative Sensitivity 10

Data to be reported into STORET must be reported as ug/1.
The 1,10-phenanthroline colorimetric method may .also be used (Standard Mel;hods, :
14th Edition, p. 208).
For concentrations of iron below 0.05 mg/1, either the Special Extractlon Procedure
given in part 9.2 of the Atomic Absorption Methods section or the furnace procedure, .
Method 236.2, is recommended. : '

Precision and Accuracy

1.

An interlaboratory study on trace metal analyses by atomic absorption was conducted by
the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic
concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron,
manganese, lead and zinc were added to natural water samples. The statistical results for
iron were as follows: .

Standard

True Values Mean Value Deviation H “ Acﬂ:(,;‘u:‘racy‘é‘ls
ug/liter ug/liter ug/liter ' % Bias

840 855 173 - 18
700 680 178 X
350 348 . 131 05
438 435 183 B -0.7
24 58 : 69 4t
10 48 69 o 382




 IRON o |
Method 236.2 (Atomic Absorption, furnace technique)

STORET NO. Total 01045
Dissolved 01046
- Suspended 01044

Optimum Concentration Range:  5-100 ug/1
Detection Limit: 1 ug/ 1

Preparation of Standard Solution
1. Stock Solution: Prepare as described under “dlrect aspiration method”.
2,  Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. " The calibration standard should be dlluted to contain 0.5% (v/ v) HNO3

Sample Preservatlon

1 " For sample handling and preservation, see part 4.1 of the Atomlc Absorptlon Methods
section of this manual.
Sample Prepafation
1.  Prepare as described under “direct asplratlon method”. Sample solutlons for analysis

should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)
Drying Time and Temp: 30 sec-125°C.
* Ashing Time and Temp: 30 sec-1000°C.
Atomizing Time and Temp: 10 sec-2700°C.
‘Purge Gas Atmosphere: Argon
Wavelength: 248.3 nm
Other operating parameters should be set as specified by the particular instrument
manufacturer.

A ol ol

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Notes

1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
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6.

graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomlzatlon temperatures for shorter tlme penods than the
above recommended settings.

The use of background correction is recommended.

Ni 1trogen may also be used as the purge gas.

For every sample matrix analyzed, verification is necessary to determine that method of

standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods

section of this manual).

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.
Data to be entered into STORET must be reported as ug/ 1.

R

Precision and Accuracy ‘
Precision and accuracy data are not available at this time.

1.




| o LEAD
Method 239.1 (Atomic Absorption, direct aspiration) '

 STORET NO. Total 01051
‘Dissolved 01049
Suspended 01050

Optimum Concentration Range: ~ 1-20 mg/1 using a'wave_lgngtﬁ of 283.3nm
Sensitivity: 0.5mg/1 o . ‘
Detection Limit: 0.1 mg/1

Preparation of Standard Solution ' . ' '

1. Stock Solution: Carefully weigh 1.599 g of lead nitrate, Pb(NO,), (analytical reagent
grade), and dissolve in deionized distilled water. When solution is complete acidify with
10 ml redistilled HNO; and dilute to 1 liter with deionized distilled water. 1 ml = 1 mg
Pb (1000 mg/1).

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing.

Sample Preservation '
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the

Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)

1.  Lead hollow cathode lamp

2.  Wavelength: 283.3 nm ‘

3. Fuel: Acetylene

4. Oxidant: Air

5.  Typeof flame: Oxidizing
Analysis Procedure

1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.
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Notes

The analysis of this metal is exceptlonally sensitive to turbulence and absorption bands in
the flame. Therefore, some care should be taken to pos1t10n the light beam in the most
stable, center portion of the flame. To do this, first adjust the burner to maximize the
absorbance reading with a lead standard. Then, aspirate a water blank and make minute
adjustments in the burner alignment to minimize the signal.

For levels of lead below 200 ug/1, either the Special Extraction Procedure given in part
9.2 of the Atomic Absorption Methods section or the furnace techmque, Method 239.2,
is recommended.

The following lines may also be used:

217.0 nm Relative Sensitivity 0.4

261.4 nm Relative Sensitivity 10

For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.
Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

1.

Number

of Labs

74
74
64

61

An mterlaboratory study on trace metal analyses by atomlc absorption was conducted by
the Quahty Assurance and Laboratory Evaluation Branch of EMSL Six synthetlc
concentrates containing varying levels of alummum, cadmlum, chromium, copper, iron,
manganese, lead and zinc were added to natural water samples. The statistical results for
lead were as follows:

Standard
True Values Mean Value Deviation Accuracy as
ug/liter ug/liter ug/liter % Bias
367 377 . 128 | 2.9
334 340 111 1.8
101 101 46 -0.2
84 85 ‘ ‘ 40 ‘ 1.1
37 41 25 9.6

25 31 22 25.7
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LEAD
Method 239.2 (Atomic Absorption, furnace technique)

STORET NO. Total 01051
Dissolved 01049
Suspended 01050

Optimum Concentration Range: 5-100ug/1
Detection Limit: lug/1

Preparation of Standard Solution

1. Stock solution: Prepare as described under “direct aspiration method”

2. Lanthanum Nitrate Solution: Dissolve 58.64 g of ACS reagent grade La,0; in 100 ml
conc. HNO; and dilute to 1000 ml with deionized distilled water. 1 ml = 50 mg La.

3.  Working Lead Solution: Prepare dilutions of the stock lead solution to be used as
calibration standards at the time of analysis. Each calibration standard should contain
0.5% (v/v) HNO,. To each 100 ml of diluted standard add 10 ml of the lanthanum
nitrate solution.

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation

1.  Prepare as described under “direct aspiration method”. Sample solutions for analysis
should contain 0.5% (v/v) HNOs.
2.  Toeach 100 ml of prepared sample solution add 10 ml of the lanthanum nitrate solution.

Instrument Parameters (General)

1.  Drying Time and Temp: 30 sec-125°C.
2.  Ashing Time and Temp: 30 sec-500°C.
3. Atomizing Time and Temp: 10 sec—2700°C.
4.  Purge Gas Atmosphere: Argon
5. Wavelength: 283.3 nm
6.  Other operating parameters should be set as specified by the particular instrument
manufacturer.
Analysis Procedure

1..  For the analysis procedure in the calculation see “Furnace Procedure”, part 9.3 of the
Atomic Absorption Methods section of this manual.
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Notes

9.

el

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic

- graphite. Smaller size furnace devices or those employing faster rates of atomization can

be operated using lower atomization temperatures for shorter time periods than the

. above recommended settings. -

The use of background correction is recommended.

Greater sensxtmty can be achieved using the 217.0 nm line, but the optunum
concentration range is reduced. The use of a lead electrodeless discharge lamp at thls‘ |

lower wavelength has been found to be advantageous Also a lower atomlzatlon .
temperature (2400°C) may be preferred. .
To suppress sulfate interference (up to 1500 ppm) lanthanum is added as the nitrate to .
both samples and calibration standards. (Atomic Absorption Newsletter Vol. 15, No. 3,
p 71, May-June 1976.) ‘

Since glassware contamination is a severe problem in lead analys1s, all glassware should
be cleaned 1mmed1ately prior to use, and once cleaned, should not be open to the
atmosphere except when necessary.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not requlred (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

For quality control requlrements and opt10na1 recommendatlons for use in drlnklng
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

1.

In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations
of 25, 50, and 100 ug Pb/1, the standard deviations were +1.3, 1.6, and +3.7,
respectlvely Recoveries at these levels were 88%, 92%, and 95% respectlvely
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MAGNESIUM
Method 242.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 00927
Dissolved 00925
Suspended 00926
Optimum Concentration Range:  0.02-0.5 mg/1 using a wavelength of285.2nm
Sensitivity: 0.007 mg/1 ‘
Detection Limit; 0.001 mg/1

Preparatlon of Standard Solution

1.  Stock Solution: Dissolve 0.829 g of magnesium oxide, MgO (analytlcal reagent grade), in
10 ml of redistilled HNO; and dilute to 1 liter with deionized distilled water. 1 ml = 0. 50
mg Mg (500 mg/1).

2.  Lanthanum chloride solution: Dissolve 29 g of La,0s, slowly and in small portions in 250
ml conc. HCI, (Caution: Reaction is violent), and dilute to 500 ml with deionized distilled
water.

3. Prepare dilutions of the stock magnesium solution to be used as calibration standards at
the time of analysis. To each 10 ml volume of calibration standard and sample alike add
1.0 ml of the lanthanum chloridé solution, i.e., 20 ml of standard or sample +2 ml LaCl,
=22ml

Sample Preservation

1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparatlon

1. For the analysis of total magnesium in domestlc and industria] effluents, the procedures
for the determination of total metals as given in parts 4.1.3 and 4.1.4 of the Atomic
Absorption Methods section of this manual have been found to be satisfactory.

2.  For ambient waters, a representative aliquot of a well-mixed sample may be used directly
for analysis. If suspended solids are present in sufficient amounts to clog the nebulizer,
the sample may be allowed to settle and the supernatant liquid analyzed directly.

3. Samples should be preserved with (1:1) nitric acid to a pH of 2 at the time of collection.

Instrumental Parameters (General)
1.  Magnesium hollow cathode lamp
2.  Wavelength: 285.2 nm
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3.  Fuel: Acetylene
4.  Oxidant: Air
5.  Typeofflame: Oxidizing
Notes
1. The interference caused by aluminum at concentrations greater than 2 mg/1 is masked
by addition of lanthanum. Sodium, potassium and calcium cause no interference at
‘concentrations less than 400 mg/1.
2.  Thefollowing line may also be'used:
202.5 nm Relative Sensitivity 25
3. To cover the range of magnesium values normally observed in surface waters (0.1-20
mg/1), it is suggested that either the 202.5 nm line be used or the burner head be rotated.
A 90 rotation of the burner head will produce approxmately one-eighth the normal
sensitivity. ‘
4.  Datato beentered into STORET must be reported as mg/1. o
5. The gravimetric method may also be used (Standard Methods, 14th Edition, p 221).
Precision and Accuracy
1. Inasingle laboratory (EMSL), using distilled water spiked at concentrations of 2.1 and

8.2 mg Mg/1 the standard deviations were +0.1 and £0.2, respectively. Recoveries at
both of these levels were 100%.
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MANGANESE , "
Method 243.1 (Atomic Absorption, direct asplratlon)

STORET NO. Total 01055
Dissolved 01056
Suspended 01054

Optimum Concentration Range: 0.1-3 mg/1 using a wavelength of 279.5 nm -
Sensitivity: 0.05mg/1 : T

Detection Limit: = 0.01mg/1 .

Preparatlon of Standard SOlllthIl ’

1. Stock Solution: Carefully welgh 1.000 g of manganese ‘metal (analytlcal reagent grade)
and dissolve in 10 ml of redistilled. HNO,;. When solution is complete, dilute to 1 liter

- with 1% (V/V) HCL 1m1 1 mgMn (1000 mg/1).- , : '

2.  Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample.to be. analyzed. elther dlrectly or after
processing...

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1.  The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)
1.  Manganese hollow cathode lamp

2.  Wavelength: 279.5 nm
3.  Fuel: Acetylene
4. Oxidant: Air
5.  Typeof flame: Oxidizing
Analysis Procedure
1.  For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomlc

Absorption Methods section of this manual.

Approved for NPDES
Issued 1971
Editorial revision 1974 and 1978

243.1-1 .




For levels of manganese below 25 ug/1, either the furnace procedure, Method 243.2, or
the Special Extraction Procedure given in part 9.2 of the Atomic Absorption Methods
section is recommended. The extraction is carried out at a pH of 4.5 to 5. The manganese
chelate is very unstable and the analysis must be made without delay to prevent its re-
solution in the aqueous phase.

The following line may also be used:

403.1 nm Relative Sensitivity 10.

Data to be entered into STORET must be reported as ug/1. ‘
The persulfate colorimetric method may also be used (Standard Methods, 14th Edition,
p 225). ‘

Precision and Accuracy

1.

An interlaboratory study on trace metal analyses by atomic absorption was conducted by
the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic
concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron,
manganese, lead and zinc were added to natural water samples. The statistical results for
manganese were as follows:

Standard
True Values Mean Value Deviation Accuracy as
ug/liter ug/liter ug/liter % Bias

426 432 70
469 474 97
84 86 26
106 104 31
11 21 27
17 21 20




. MANGANESE
Method 243.2 (Atomlc Absorptnon, furnace techmque)

STORET NO Total 01055
Dissolved 01056
Suspended 01054

Optimum Concentration Range: 1-30'ug/1
Detection Limit: 0.2 ug /1 : .

Preparation of Standard Solution
1. Stock solution: Prepare as descnbed under “direct aspiration method”.
2. Prepare dilutions of the stock solutlon to be used as calibration standards at the time of
_ ' . analysis. These solutions are also to be used for “standard additions”.
3. ~The calibration standard should be diluted to contain 0.5% (v/v) HNO,;.

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual
Sample Preparatlon :
C1 Prepare as described under “direct asplratlon method”. Sample solutlons for analysis

should contain 0.5% (v/v) HNO..

Instrument Parameters (General)
Drying Time and Temp: 30 sec—-125°C.
Ashing Time and Temp: 30 sec~1000°C.
Atomizing Time and Temp: 10 sec—2700°C.
Purge Gas Atmosphere: Argon
Wavelength: 279.5 nm
Other operating parameters should be set as specified by the particular instrument
manufacturer.

A o

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Notes

1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
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graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings. | |

2.  Theuseof background correction is recommended.

Nitrogen may also be used as the purge gas.

4.  For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

5. If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

6.  Datatobe entered into STORET must be reported as ug/1.

w

Precision and Accuracy
1. Precision and accuracy data are not available at this time.
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MERCURY
Method 245.1 (Manual Cold Vapor Technique)

STORET NO. Total 71900
Dissolved 71890
Suspended 71895

L. . Scopeand Application

1.1

1.2

1.3

2.1

This method is applicable to drrnkmg, surface, and sahne waters, domestlc and industrial
wastes. : :
In addition to inorganic forms of mercury, organic mercurials may also be present These

organo-mercury compounds will not respond to the cold vapor atomic absorption

technique unless they are first broken down and converted to mercuric ions. Potassium
permanganate oxidizes many of these compounds, but recent studies have shown that a
number of organic mercurials, including phenyl mercuric acetate and methyl mercuric
chloride, are only partially oxidized by this reagent. Potasssium persulfate has been
found to give approximately 100% recovery when used as the oxidant with these
compounds. Therefore, a persulfate oxidation step following the addition of the
permanganate has been included to insure that organo-mercury compounds, if present,
will be oxidized to the mercuric ion before measurement. A heat step is required for
methyl mercuric chloride when present in or spiked to a natural system. For distilled
water the heat step is not necessary.

The range of the method may be varied through instrument and/or recorder expansion.
Using a 100 ml sample, a detection limit of 0.2 ug Hg/1 can be achieved; concentrations
below this level should be reported as < 0.2 (see Appendix 11.2).

Summary of Method

The flameless AA procedure is a physical method based on the absorption of radiation at
253.7 nm by mercury vapor. The mercury is reduced to the elemental state and aerated
from solution in a closed system. The mercury vapor passes through a cell positioned in
the light path of an atomic absorption spectrophotometer. Absorbance (peak height) is
measured as a function of mercury concentration and recorded in the usual manner.

3. Sample Handling and Preservation

3.1

Until more conclusive data are obtained, samples should be preserved by acidification
with nitric acid to a pH of 2 or lower immediately at the time of collection. If only
dissolved mercury is to be determined, the sample should be filtered through an all glass
apparatus before the acid is added. For total mercury the filtration is omitted.

4. Interference

4.1

Possible interference from sulfide is eliminated by‘ the addition of potassium
permanganate. Concentrations as high as 20 mg/1 of sulfide as sodium sulfide do not
interfere with the recovery of added inorganic mercury from distilled water.
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4.2

4.3

4.4

Copper has also been reported to interfere; however, copper concentratlons as hlgh as 10
mg/1 had no effect on recovery of mercury from sp1ked samples. '

Sea waters, brines and industrial effluents hlgh in chlorides requlre additional
permanganate (as much as 25 ml). During the oxidation step, chlorides are converted to
free chlorine which will also absorb radlatlon of 253 nm. Care must be taken to assure
that free chlorine is absent before the mercury is reduced and swept into the cell. This
may be accomplished by using an excess of hydroxylamlne sulfate reagent (25 ml). In
addition, the dead air space in the BOD bottle must be purged before the addition of
stannous sulfate. Both inorganic and organic mercury spikes have been quantltatlvely
recovered from sea water using this technique.

Interference from certain volatile organic materials which will absorb at this wavelength
is also possible. A preliminary run without reagents should determlne 1f this type of
interference is present (see Appendix 11.1).

Apparatus

5.1

52
5.3

5.4

5.5

5.6
5.7

5.8

Atomic Absorption Spectrophotometer (See Note 1) Any atomic absorptlon umt having
an open sample presentation area in which to mount the absorption cell is suitable.
Instrument settings recommended by the particular manufacturer should be followed.
Note 1: Instruments designed specifically for the measurement of mercury using the cold
vapor technique are commercially available and may be substituted for the atomic
absorption spectrophotometer.

Mercury Hollow Cathode Lamp: Westmghouse WL-22847, argon filled, or equivalent.
Recorder: Any multi-range variable speed recorder that is compatible with the UV
detection system is suitable.

Absorption Cell: Standard spectrophotometer cells 10 cm long, havmg quartz end
windows may be used. Suitable cells may be constructed from plexiglass tubing, 17 0.D.
X 4-1/2”. The ends are ground perpendicular -to the 10ng1tud1na1 axis and quartz
windows (1” diameter X 1/16” thickness) are cemented in place ‘The cell is strapped to a
burner for support and aligned in the hght beam by use of two 27 by 2” cards. One inch
diameter holes are cut in the middle of each card; the cards are then placed over each end
of the cell. The cell is then pos1t10ned and adJusted vertlcally and honzontally to give the
maximum transmittance.

Air Pump: Any peristaltic pump capable of delivering 1 liter of air per mmute may be
used. A Masterflex pump with electronic speed control has been found to be sat1sfactory
Flowmeter: Capable of measuring an air flow of 1 liter per minute.

Aeration Tubing: A straight glass frit having a coarse porosity. Tygon tubing is used for
passage of the mercury vapor from the sample bottle to the absorption cell and return.
Drying Tube: 6 X 3/4” diameter tube containing 20 g of magnesium perchlorate (see
Note 2). The apparatus is assembled as shown in Figure 1.

NOTE 2: In place of the magnesium perchlorate drying tube, a small reading lamp with
60W bulb may be used to,prevent condensation of moisture inside the ceil. The lamp is
positioned to shine on the absorption cell maintaining the air temperature in the cell
about 10°C above ambient.
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Reagents

6.1
- 6.2

6.3
6.4

6.5
6.6

6.7

Sulfuric Acid, Conc.: Reagent grade.
6.1.1 Sulfuric acid, 0.5 N: Dilute 14.0 ml of conc. sulfuric acid to 1.0 liter.

Nitric Acid, Conc: Reagent grade of low mercury content (See Note 3).

NOTE 3: If a high reagent blank is obtained, it may be necessary to distill the nitric acid.
Stannous Sulfate: Add 25 g stannous sulfate to 250 ml of 0.5 N sulfuric acid. This
mixture is a suspension and should be stirred continuously during use. (Stannous

.chloride may be used in place of stannous sulfate.) -

Sodium Chloride-Hydroxylamine Sulfate Solution: Dissolve 12 g of sodium chloride and
12 g of hydroxylamine sulfate in distilled water and dilute to 100 ml. (Hydroxylamine
hydrochloride may be used in place of hydroxylamine sulfate.)

Potassium Permanganate: 5% solution, w/v. Dissolve 5 g of potassium permanganate in
100 ml of distilled water. ' ‘

Potassium Persulfate: 5% solution, w/v. Dissolve 5 g of potassium persulfate in 100 m!
of distilled water.

Stock Mercury Solution: Dissolve 0.1354 g of mercuric chloride in 75 ml of distilled
water. Add 10 ml of conc. nitric acid and adjust the volume to 100.0 ml. 1 ml = 1mg
Hg. '
AIR PUMP
| ] | . |
, ' \J
; DESICCANT L__']L ,f o F1
ABSORPTION | SCRUBBER
<IBUBBLER CELL v < XONTAINING
,, MERCURY
SAMPLE SOLUTION o ' ABSORBING
IN BOD BOTTLE | MEDIA

FIGURE 1. APPARATUS FOR FLAMELESS
MERCURY DETERMINATION
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6.8 Working Mercury Solution: Make successive dilutions of the stock mercury solution to

obtain a working standard containing 0.1 ug per ml. This workmg standard and the
dilutions of the stock mercury solution should be prepared fresh daily. Acidity of the
working standard should be maintained at 0.15% mtnc acld Th1s ac1d should be added
to the flask as needed before the addition of the aliquot. =

Calibration

7.1

Transfer 0, 0.5, 1.0, 2.0, 5.0 and 10.0 ml aliquots of the working mercury solution
containing 0 to 1.0 ug of mercury to a series of 300 ml BOD bottles Add enough distilled |
water to each bottle to make a total volume of 100 ml. Mix thoroughly and add 5ml of
conc. sulfuric acid (6.1) and 2. 5 ml of conc. n1tr1c acrd (6 2) to each bottle. Add 15 ml of
KMnO, (6.5) solution to each bottie and allow to stand at least 15 minutes. Add 8 ml of
potassium persulfate (6.6) to each bottle and heat for 2 hours ina water bath maintined at
95°C. Cool and add 6 ml of sodium chlorlde-hydroxylamlne sulfate solutlon (6. 4) to ,
reduce the excess permanganate. When the solution has been decolorlzed wait 30
seconds, add 5 ml of the stannous sulfate solutlon (6.3) and 1mmed1ately attach the bottle
to the aeration apparatus forming a closed system. At this point the sample is allowed to
stand quietly without manual agitation. The circulating purnp; which has previously
been adjusted to a rate of 1 liter per minute, is allowed to run contlnuously (See Note 4).

The absorbance will increase and reach maximum w1th1n 30 seconds. As soon as the

recorder pen levels off, approximately 1 minute, open the bypass valve and continue the ‘
aeration until the absorbance returns to its minimum value (see Note 5). Close the bypass
valve, remove the stopper and frit from the BOD bottle and continue the aeration.
Proceed with the standards and construct a standard curve by plotting peak height
versus micrograms of mercury.
NOTE 4: An open system where the mercury vapor is passed through the absorption cell
only once may be used instead of the closed system ‘
NOTE 5: Because of the toxic nature of mercury vapor precautlon must be taken to avord
its inhalation. Therefore, a bypass has been 1ncluded in the system to elther vent the
mercury vapor into an exhaust hood or pass the vapor through some absorbmg medla,‘
such as:

a) equal volumes of 0.1 M KMnO4 and 10% stO4

b)  0.25% iodine in a 3% Kl solution
A specially treated charcoal that will adsorb mercury vapor is also available from
Barnebey and Cheney, E. 8th Ave. and N Cass1dy St., Columbus, Ohio 43219,
Cat. #580-13 or #580-22.

Procedure

8.1

Transfer 100 ml, or an aliquot diluted to 100 ml, contamrng not more than 1.0 ug of
mercury, to a 300 ml BOD bottle. Add 5 ml of sulfuric acid (6.1) and 2.5 ml of conc.
nitric acid (6. 2) mixing after each addrtlon Add 15 ml of potassrum permanganate
solution (6.5) to each sample bottle. For sewage samples addrtlonal permanganate may
be required. Shake and add addrtlonal portions of potassrum permanganate solution, if

‘necessary, until the purple color per51sts for at least 15 minutes, Add 8 ml of potassrum -

persulfate (6.6) to each bottle and heat for 2 hours in a water bath at 95°C Cool and add 6




. ml of sodium chloride-hydroxylamine sulfate (6.4) to reduce the excess permanganate.

After a delay of at least 30 seconds add 5 m! of stannous sulfate (6.3) and immediately
attach the bottle to the aeration apparatus. Continue as described under Calibration.

~Calculation
9.1 Determine the peak he1ght of the unknown from the chart and read the mercury value
from the standard curve. ,
9.2 Calculate the mercury concentration in the sample by the formula:
o fugHgin 1,000
v ug He/l = ( aliquot ) ( volume of aliquot in ml )
9.3 Report mercury concentrations as follows Below 0. 2 ug/ 1, <0.2; between 1 and 10
v - ug/1, one decimal; above 10 ug/1, whole numbers
10.  Precision and Accuracy

10.1 In a single laboratory (EMSL), using an Ohio River composite sample with a
background mercury concentration of 0.35 ug/1, spiked with concentrations of 1.0, 3.0
and 4.0 ug/1, the standard deviations were +0.14, +0.10 and +0.08, respectively.
Standard deviation at the 0.35 level was +0.16. Percent recoveries at the three levels

.were 89, 87, and 87%; respectively.

10.2. In a joint EPA/ASTM interlaboratory study of the cold vapor technique for total
mercury in water, increments of organic and inorganic mercury were added to natural
waters. Recoverles were determined by difference. A statistical summary of this study
follows:

P Standard ‘

Number True Values . Mean Value Deviation Accuracy as
of Labs ug/liter ug/liter ug/liter % Bias

76 0.21 , ©0.349.- . : 0.276 66

80 0.27 0.414 0.279 53

82 0.51 0.674 : 0.541 32

77 0.60 0.709 ) 0.390 18

82 34 3.41 : 1.49 0.34
.79 4.1 3.81 : 1.12 L =11

79 8.8 8.77 3.69 \ 04

78

9.6 - 9.10 3.57 -5.2

11. ~ Appendix

11.1

While the possibility of absorption from certain organie substances actually being present

‘in the sample does exist, EMSL has not encountered such samples. This is mentioned

only to cautlon the analyst of the pos51b111ty A simple correction that may be used is as
follows: If an. mterfereqce hgs been feund to be present (4.4), the sample should be
analyzed both by using the regular procedure and again under oxidizing conditions only,
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11.2

11.3

that is without the reducing reagents. The true mercury value can then be obtained by
subtracting the two values.

If additional sensitivity is required, a 200 m1 sample with recorder expansion may be used
provided the instrument does not produce undue noise. Using a Coleman MAS-50 with a
drying tube of magnesium perchlorate and a variable recorder, 2 mv was set to read full
scale, With these conditions, and distilled water solutions of mercuric chloride at
concentratlons of 0.15, 0.10, 0.05 and 0.025 ug/1 the standard deviations
were +0.027, +0.006, £0.01 and +0.004. Percent recoverles at these levels were 107,
83, 84 and 96%, respectively. o “ ‘
Directions for the disposal of mercury-containing wastes are given in ASTM Standards,
Part 31, “Water”, p 349, Method D3223 (1976).
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MERCURY
Method 245.2 (Automated Cold. Vapor Techmque)

STORET NO Total 71900
* Dissolved 71890
:Susgended 71895

{

1. Scope and Application
"~ 1.1 ~This method is applicable to surface waters 1t may be apphcable to sallne waters,
wastewaters, effluents, and domestic sewages prov1d1ng potentlal interferences are not
present (See Interference 4). 7
1.2 The working range is 0.2 t0 20.0 ug Hg/1. -
2. Summary of Method

2.1 Theflameless AA procedure 1sa phys1ca1 method based on the absorptlon of radiation at
253.7 nm by mercury vapor. The mercury is reduced to the elemental state and aerated
from solution. The mercury vapor passes through a "cell pos1t10ned in the hght path of an
atomic absorptlon spectrophotometer. Abscrbance (peak helght) is measured as a
function of mercury concentration and recorded in the usual manner.

2.2 Inaddition to inorganic forms of mercury, organic mercurials may also be present. These
organo-mercury compounds will not respond to the flameless atomic absorption
technique unless they are first broken down and converted to mercuric ions. Potassium
permanganate oxidizes many of these compounds but recent studies have shown that a
number of organic mercurials, including phenyl mercuric acetate and methy! mercuric
chloride, are only partially oxidized by this reagent. Potassium persulfate has been found
to give approximately 100% recovery when used as the oxidant with these compounds.
Therefore, an automated persulfate oxidation step following the automated addition of
the permanganate has been included to insure that organo-mercury compounds, if

- present, will be oxidized to the mercuric ion before measurement.
3. Sample Handling and Preservation

3.1 Until more conclusive data are obtained, samples should be preserved by acidification
with nitric acid to a pH of 2 or lower immediately at the time of collection.® If only
dissolved mercury is to be determined, the sample should be filtered before the acid is
added. For total mercury the filtration is omitted.

4.  Interference (See NOTE 1)

4.1 Some sea waters and waste-waters high in chlorides have shown a positive interference,
probably due to the formation of free chlorine.

4.2 Interference from certain volatile organic materials which will absorb at this wavelength
is also possible. A preliminary run under oxidizing conditions, without stannous sulfate,
would determine if this type of interference is present.
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Formation of a heavy precipitate, in some wastewaters and effluents, has been reported
upon addition of concentrated sulfuric acid. If this is encountered, the problem sample
cannot be analyzed by this method.

Samples containing solids must be blended and then mixed while being sampled if total
mercury vlaues are to be reported.

NOTE 1: All the above interferences can be overcome by use of the Manual Mercury
method in this manual.

Apparatus

5.1

Technicon Auto Analyzer consisting of:

5.1.1 Sampler II with provision for sample mixing.

5.1.2 Manifold.

5.1.3 Proportioning Pump II or III.

5.1.4 High temperature heating bath with two distillation coils (Technicon Part
#£116-0163) in series. ‘ . ‘

Vapor-liquid separator (Figure 1).

Absorption cell, 100 mm long, 10 mm diameter with quartz windows.

Atomic Absorption Spectrophotometer (See Note 2): Any atomic absorption unit having

an open sample presentation area in which to mount the absorption cell is suitable.

Instrument settings recommended by the particular manufacturer should be followed.

NOTE 2: Instruments designed specifically for the measurement of mercury using the

cold vapor technique are commercially available and may be substituted for the atomic

absorption spectrophotometer. ‘

Mercury Hollow Cathode Lamp: Westinghouse WL-22847, argon filled, or equivalent.

Recorder: Any multi-range variable speed recorder that is compatible with the UV

detection system is suitable,

Source of cooling water for jacketed mixing coil and connector A-7.

Heat lamp: A small reading lamp with 60W bulb may be used to prevent condensation of

moisture inside the cell. The lamp is positioned to shine on the absorption cell

maintaining the air temperature in the cell about 10°C above ambient.

Reagents

6.1

6.2

Sulfuric Acid, Conc: Reagent grade

6.1.1 Sulfuric acid, 2 N: Dilute 56 ml of conc. sulfuric acid to 1 liter with distilled water.

6.1.2 Sulfuric acid, 10%: Dilute 100 ml conc. sulfuric acid to 1 liter with distilled water.

Nitric acid, Conc: Reagent grade of low mercury content.

6.2.1 Nitric Acid, 0.5% Wash Solution: Dilute 5 ml of conc. nitric acid to 1 liter with
distilled water. :

Stannous Sulfate: Add 50 g stannous sulfate to 500 ml of 2 N sulfuric acid (6.1.1). This

mixture is a suspension and should be stirred continuously during use.

NOTE 3: Stannous chloride may be used in place of stannous sulfate.

Sodium Chloride-Hydroxylamine Sulfate Solution: Diésolve 30 g of sodium chloridé
and 30 g of hydroxylamine sulfate in distilled water to 1 liter.




6.5
6.6
6.7

6.8

6.9

NOTE 4: Hydroxylamlne hydrochlorlde may be used in place of hydroxylamme sulfate.

Potassmm Permanganate 0.5 % soluuon w/ V. Dlssolve 5 g of potassium permanganate
in 1 liter of distilled water. - ‘
Potassium Permanganate, 0.1 N: Dissolve 3.16 g of potassium permanganate in distilled
water and dilute to 1 liter. :

Potassium Persulfate: 0.5% solution, w/v. Dissolve 5 g potassium persulfate in 1 liter of
distilled water.

Stock Mercury Solution: Dissolve 0.1354 g of mercuric chloride in 75 ml of distilled
water. Add 10 ml of conc. nitric acid and adjust the volume to 100.0 ml. 1.0 ml = 1.0
mg Hg.

Working Mercury Solution: Make successive dilutions of the stock mercury solution

- (6.8) to obtain a working standard containing 0.1 ug per ml. This working standard and

6.10

the dilutions of the stock mercury solution should be prepared fresh daily. Acidity of the
working standard should be maintained at 0.15% nitric acid. This acid should be added
to the flask as needed before the addition of the aliquot. From this solution prepare
standards containing 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0 and 20.0 ug Hg/1.

Air Scrubber Solution: Mix equal volumes of 0.1 N potassium permanganate (6.6) and
10% sulfuric acid (6.1.2).

Procedure

7.1
7.2

7.3

7.4

7.5

7.6

Set up manifold as shown in Figure 2.

Feeding all the reagents through the system with acid wash solution (6 2.1) through the
sample line, adJust heating bath to 105°C, ,

Turn on atomic absorption spectrophotometer, adjust instrument settings as
recommended by the manufacturer, align absorption cell in light path for maximum
transmittance and place heat lamp directly over absorption cell.

Arrange working mercury standards from 0.2 to 20.0 ug Hg/1 in sampler and start
sampling. Complete loading of sample tray with unknown samples.

Prepare standard curve by plotting peak height of processed standards against
concentration values. Determine concentration of samples by comparing sample peak
height with standard curve.

NOTE 5: Because of the toxic nature of mercury vapor, precaution must be taken to
avoid its inhalation. Venting the mercury vapor into an exhaust hood or passing the
vapor through some absorbing media such as:

a)  equal volumes of 0.1 N KMnO, (6.6) and 10% H,SO, (6.1.2).

b)  0.25% iodine in a 3% KI solution, is recommended.

A specially treated charcoal that will adsorb mercury vapor is also available from
Barnebey and Cheney, E. 8th Ave. and North Cass1dy St., Columbus, Ohio 43219,

Cat. #580-13 or #580-22.

After the analysis is complete put all lines except the H,SO, line in distilled water to wash
out system. After flushing, wash out the H,SO, line. Also flush the coils in the high
temperature heating bath by pumping stannous sulfate (6.3) through the sample lines
followed by distilled water. This will prevent build-up of oxides of manganese.
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Precision and Accuracy

8.1 In asingle laboratory (SEWL), using distilled water standards at concentrations of 0.5,
1.0, 20, 5.0, 100 and 200 wug Hg/l, the standard deviations
were +0.04, +0.07, +0.09, +0.20, +0.40and +0.84 ug/1, respectively.
In a single laboratory (SEWL), using surface water samples spiked with ten organic
mercurials at the 10 ug/1 level, recoveries ranged from 87 to 117%. Recoveries of the
same ten organic mercurials in distilled water at the 10 ug/1 level, ranged from 92% to
125%. :
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MERCURY IN SEDIMENT
Method 245.5 (Manual Cold Vapor Technique) |

- 1. . Scope and Application
b 1.1 This procedure“’ measures total mercury (organic t 1norgan1c) in s011s, sedlments,
bottom deposits and sludge type materials.

1.2 The range of the method is 0.2 to 5 ug/g. The range may be extended above or below the
normal range by increasing or decreasrng sample size or through’instrument and
recorder control. -

2.  Summary of Method : : :
’ 21 A welghed portron of the sample is dlgested in aqua regia for 2 mlnutes at 95°C, followed

: by oxidation with potassium permanganate. Mercury in the. drgested sample is then
measured by the conventional cold vapor technique. :

2.2 Analternate digestion® involving the use of an autoclave is described in (8.2).
"3 Sample Handling and Preservation
. 3.1 . Because of the extreme sensitivity of the analyt1cal procedure and the omnipresence of
mercury, care must be taken to avoid extraneous contamination. Samplmg devices and
sample containers should be ascertained to be free of mercury; the sample should not be
exposed to any condition in the laboratory that may result in contact’ or alr-bome
mercury contamination. '

3.2 While the sample may be analyzed without drying, it has been found_to be more
convenient to analyze a dry sample. Moisture may be driven off in a drying oven at a
temperature of 60°C. No mercury losses have been observed by using this drying step.
The dry sample should be pulverized and thoroughly mixed before the ahquot is
weighed.

4.  Interferences :
“" 4.1 Thesame types of interferences that may occur in water samples are also’ poss1b1e w1th
sediments, i.e., sulfides, high copper, high chlorides, etc. s

4.2 Volatile materials which absorb at 253.7 nm will cause a positive interference. In order to
remove any interfering volatile materlals, the dead air space in the BOD bottle should be
purged before the addition of stannous sulfate. -

5. Apparatus .

5.1 Atomic Absorption Spectrophotometer (See Note 1): Any atomic absorptron unit
having an open sample presentation area in which to mount the absorption cell is
suitable. Instrument settmgs recommended by the partlcular manufacturer should be
followed. : :

NOTE 1: Instruments designed specrﬁcally for the measurement of mercury using the
cold vapor technique are commercially available and may be substituted for the atomic
absorption spectrophotometer.

Issued 1974
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Mercury Hollow Cathode Lamp: Westinghouse WL- 22847 argon filled, or equivalent.

Recorder: Any multi-range variable speed recorder that'is compat1b1e w1th the uv
detection system is smtable

Absorptlon Cell: Standard spectrophotometer cells 10 cm long, havmg quartz end
windows may be used. Suitable cells may be constructed from plexiglass tubing, 1 O.D.

X 4-1/2”. The ends are ground perpendicular to the longitudinal axis and quartz
windows (1” diameter X 1/16” thlckness) are cemented in place. Gas 1nlet and outlet
ports (also of plexiglass but 1/4”” O.D.) are attached approx1mately 1/2” from each end.

The cell is strapped to a burner for support and aligned in the hght beam to give the
max1mum transmittance.

NOTE 2: Two 2” X 2” cards with one inch diameter holes may be placed over each end
of the cell to assist in positioning the cell for maximum transmittance.

Air Pump: Any peristaltic pump capable of delivering 1 liter of air per minute may be
used. A Masterflex pump with electronic speed control has been found to be satisfactory.
(Regulated compressed air can be used in an open one-pass system. )

Flowmeter: Capable of measuring an air flow of 1 liter per minute.

Aeration Tubing: Tygon tubing is used for passage of the mercury vapor from the sample
bottle to the absorption cell and return. Straight glass tubing terminating in a coarse
porous frit is used for sparging air into the sample

Drying Tube: 6” X 3/4” diameter tube contammg 20 g of magnesmm perchlorate (See
Note 3). The apparatus is assembled as shown in the accompanymg diagram.

NOTE 3: In place of the magnesium perchlorate drying tube, a small readmg lamp with
60W bulb may be used to prevent condensation of moisture inside the cell. The lamp is
positioned to shine on the absorption cell ‘maintaining the air temperature in the cell
about 10°C above ambient.

Reagents

6.1

6.2
6.3

6.4

Aqua Regia: Prepare immediately before use by carefully adding three volumes of conc.
HCl to one volume of conc. HNO,.

Sulfuric Acid, 0.5 N: Dilute 14.0 ml of conc. sulfuric acid to 1 liter.

Stannous Sulfate: Add 25 g stannous sulfate to 250 ml of 0.5 N sulfuric acid (6.2). This
mixtureisa suspension and should be stirred continuously durmg use.

Sodium Chlonde-Hydroxylamme Sulfate Solutlon D1ssolve 12 g of sodlum chloride
and 12 g of hydroxylamine sulfate in distilled water and dilute to 100 ml.

NOTE 4: A 10% solution of stannous chloride ‘may be substltuted for (6 3) and
hydroxylamine hydrochloride may be used in place of hydroxylamme sulfate i 1n (6.4).
Potassium Permanganate: 5% solution, w/v. Dissolve 5 g of potassium permanganate in
100 ml of distilled water.

Stock Mercury Solution: Dissolve 0.1354 g of mercunc chlorlde in 75 ml of d1st111ed
water. Add 10 ml of conc. nitric acid and ad_]ust the volume to 100.0 ml. 1.0 ml = 1.0
mg Hg.

Working Mercury Solution: Make successive d11ut10ns of the stock mercury solution
(6.6) to obtain a working standard contammg 0.1 ug/ ml. This working standard and the
dilution of the stock mercury solutions should be prepared fresh da11y A01d1ty of the




workmg standard should be mamtalned at 0.15% nitric acid. This amd should be added
“to the ﬂask as needed before the addltlon of the aliquot.

7. Cahbratlon

7.1

Transfer 0, 0.5, 1.0, 2.0, 5.0 and 10 ml aliquots of the working mercury solution (6.7)

' contalmng 0to 1.0 ug of mercury to a series of 300 ml BOD bottles. Add enough distilled
-water to each bottle to make a total volume of 10 ml. Add 5 ml of aqua regia (6.1) and
“heat 2 minutes in a water bath at 95°C. Allow the sample to cool and add 50 ml distilled

* water and 15 ml of KMnO, solution (6.5) to each bottle and return to the water bath for

30 mmutes Cool and add 6 ml of sodium chloride-hydroxylamine sulfate solution (6.4)
to reduce the excess permanganate. Add 50 ml of distilled water. Treating each bottle
individually, add 5 ml of stannous sulfate solution (6.3) and immediately attach the
bottle to the aeration apparatus. At this point, the sample is allowed to stand quietly
without manual agltatlon The circulating pump, which has previously been adjusted to
rate of 1 liter per minute, is allowed to run continuously. The absorbance, as exhibited

* either on the spectrophotometer or the recorder, will increase and reach maximum

within 30 seconds. As soon as the recorder pen levels off, approx1mately 1 minute, open

the bypass value and continue the aeration until the absorbance returns to its minimum
" value (See Note 5). Close the bypass value, remove the fritted tubing from the BOD

bottle and continue the aeration. Proceed with the standards and construct a standard
curve by plottmg peak height versus micrograms of 1 mercury.

NOTE 5: Because of the toxic nature of mercury vapor precautlon must be taken to avoid
its 1nha1at10n Therefore, a bypass has been included in the system to either vent the

o mercury vapor into an exhaust hood or pass the vapor through some absorblng media,

such as:

‘a)  equal volumes of 0.1 N KMnO4 and 10% H,S0,

b)  0.25% iodinein a 3% KI solution. -

A specially treated charcoal that will absorb mercury vapor is also available from
Barnebey and Cheney, E. 8th Ave., and North Cassidy St. Columbus, Ohio 43219,

Cat. $#580-13 or #580-22.

8. Procedure

8.1

8.2

'Welgh triplicate 0.2 g portlons of dry sample and place in bottom of a BOD bottle. Add 5

ml of distilled water and 5 ml of aqua regia (6.1). Heat 2 minutés in a water bath at 95°C.
Cool, add 50 ml distilled water and 15 ml potassium permanganate solution (6.5) to each
sample bottle. Mix thoroughly and place in the water bath for 30 minutes at 95°C. Cool

‘and add 6 ml of sodium chlonde-hydroxylamme sulfate (6.4) to reduce the excess
' permanganate. Add 55 ml of distilled water. Treating each bottle individually, add 5 ml
" of stannous sulfate (6.3) and immediately attach the bottle to the aeration apparatus.

Continue as described under (7.1).

~ An alternate digestion procedure employing an autoclave may also be used. In this

method 5 ml of conc. H,SO, and 2 ml of conc. HNO, are added to the 0.2 g of sample. 5
ml of saturated KMnO, solution is added and the bottle covered with a piece of
aluminum foil. The samples are autoclaved at 121°C and 15 Ibs. for 15 minutes. Cool,

make up toa volume of 100 ml w1th d1st111ed water and add 6 ml of sodlum chloride-
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hydroxylamine sulfate solution (6.4) to reduce the excess permanganate Purge the dead
air space and continue as described under (7.1). :

Calculation

9.1 Measure the peak height of the unknown from the chart and read the mercury value from
the standard curve.

9.2 Calculate the mercury concentration in the sample by the formula:

ugHg in the aliquot
wt of the aliquot in gms

ugHg/g =

9.3 Report mercury concentrations as follows: Below 0.1 ug/gm, <0.1; between 0.1 and 1
ug/gm, to the nearest 0.01 ug; between 1 and 10 ug/gm, to nearest 0.1 ug; above 10
ug/gm, to nearest ug.

Precision and Accuracy

10.1 The following standard deviations on replicate sedlment samples were recorded at the
indicated levels; 0.29 ug/g +0.02 and 0.82 ug/g =O0. 03. Recovery of mercury at these
levels, added as methyl mercuric chloride, was 97% and 94%, respectively.

Blblmgraphy

Bishop, J. N., “Mercury in Sediments”, Ontano Water Resources Comm., Toronto, Ontario,
Canada, 1971.
Salma, M., private commumcatlon, EPA Cal/Nev Basin Ofﬁce, Almeda, Callforma




MOLYBDENUM
Method 246.1 (Atomic Absorption, direct aspiration)

STORET No. Total 01062
Dissolved 01060
Suspended - 01061

Optimum Concentration Range: 140 mg/1 using a wavelength of 313.3 nm
Sensitivity: 0.4mg/1
Detection Limit: - 0.1 mg/1

Preparation of Standard Solutlon
1. Stock Solution: Dissolve 1.840 g of ammonium molybdate (NH4)5M07024-4H20
~ (analytical reagent grade) in deionized distilled water and dilute to 1 hter Il ml = 1 mg
-Mo'(1000 mg/1).

2. Aluminum nitrate solution: Dissolve 139 g aluminum nitrate, AI(NO3)309H20 in 150 ml
of deionized distilled water; heat to effect solution. Allow to cool and make up to 200 ml.
3. Prepare dilutions of the stock molybdenum solution to be used as calibration standards
at the time of analysis. The calibration standards should be prepared using the same type
of acid and at the same concentration as will result in the sample to be analyzed either
directly or after processing. To each 100 ml of standard and sample alike, add 2 ml of the

aluminum nitrate solution.

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1.  The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)
Molybdenum hollow cathode lamp
Wavelength: 313.3 nm

Fuel: Acetylene

Oxidant: Nitrous Oxide

Type of flame: Fuel rich

S

Approved for NPDES
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Analysis Procedure

1. For afialysis procedure and calculation, see ‘“Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.
Interferences
1. With the recommended nitrous oxide-acetylene flame, interferences of calcium and other
ions may be controlled by adding 1000 mg/1 of a refractory metal such as aluminum
[Anal. Chem. Acta 44, 437 (1969)]. This should be done to both samples and standards
alike.
Notes
1.  Datatobeentered into STORET must be reported as ug/1.
2 For concentrations of molybdenum below 0.2 mg/1, the furnace procedure, Method
246.2, is recommended.
Precision and Accuracy
1. In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent at

concentrations of 0.30, 1.5 and 7.5 mg Mo/1, the standard deviations were +0.007,
+0.02 and +0.07, respectively. Recoverles at these levels were 100%, 96% and 95%,
respectively.
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MOLYBDENUM
M‘etv'h‘odb 246.2 (Atomic Absorption, furnace ,techhidhe)

STORET No. Total 01062
Dissolved 01060
Suspended 01061

Optimum Concentration Range: 3-60 ug/1
Detection Limit: lug/l -

Preparatlon of Standard Solution
1. Stock solution: Prepare as described under “direct asplratlon method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions™.
3. Thecalibration standard should be diluted to contain 0.5% (v/v) HNO:;.

Sample Preservation
1.  For sample handling and preservation, See part 4.1 of the Atomlc Absorptlon Methods
section of this manual.
Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis

should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)

Drying Time and Temp: 30 sec—125°C.

Ashing Time and Temp: 30 sec—1400°C.

Atomizing Time and Temp: 15 sec—2800°C.

Purge Gas Atmosphere: Argon

Wavelength: 313.3 nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

Al e

Analysis Procedure .
1. For the analysis procedure and the calculation, see “Furnace Procedure”, part 9.3 of the
Atomic Absorption Methods section of this manual.

Approved for NPDES
Issued 1978

246.2-1




Notes
1. « Theabove concentration values and instrument conditions are for a Perkin-Elmer HGA-

2100, based on the use of a 20 ul injection, continuous flow purge gas and pyrolytic

graphite.

Background correction may be required if the sample contains high dissolved solids.

3. Theuse of nitrogen as a purge gas is not recommended.

4.  For every sample matrix analyzed, verfication is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

5. If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

6.  Datato be entered into STORET must be reported as ug/1.

3t

Precision and Accuracy
1.  Precision and accuracy data are not available at this time.
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NICKEL
Method 249.1 (Atomic Absorption, direct asplratlon)

STORET NO Total 01067
Lo ; , ‘ i o Dlssolved 01065
O T o | - . . Suspended 01066

‘Optimum Concentration Range:. -0.3-5mg/1 using a wavelength of 232.0 nm
Sensitivity: 0.15mg/1 S :
Detection Limit: 0.04mg/1

Preparatlon of Standard Solution s ‘

1. Stock Solution: Dissolve 4.953 g of nickel nitrate, N1(NO3)2-6H20 (analytlcal reagent
grade) in deionized distilled water. Add 10 ml of conc. nitric acid and dilute to 1 liter
with deionized distilled water. 1 ml = 1 mg Ni (1000 mg/1).

2. Prepare dilutions of the stock nickel solution to be used as calibration standards at the
time of analysis. The calibration standards should be prepared using the same type of
acid and at the same concentration as will result in the samiale to be analyzed either
directly or after processing. :

Sample Preservation
1.  For sample handling and preservatlon see part 4.1 of the Atomic Absorptlon Methods

section of this manual.

Sample Preparation )
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)
1. Nickel hollow cathode lamp

2.  Wavelength: 232.0 nm

3,  Fuel: Acetylene

4.  Ogxidant: Air

5. Type of Flame: Oxidizing
Analysis Procedure

1.  For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.

Approved for NPDES
Issued 1974
Editorial revision 1978
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Interferences
1.  The 352.4 nm wavelength is less susceptlble to spectral 1nterference and may be used.
The calibration curve is more linear at this wavelength; however, there is some loss of
sgns1t1v1ty

For levels of nickel below 100 ug/1, either the Special Extraction Procedure, given in
part 9.2 of the Atomic Absorption Methods section or the furnace technique, Method
249.2, is recommended. :

2.  Datatobeentered into STORET must be reported asug/ 1

3.  The heptoxime method may also be used (Standard Methods, 14th Edmon, p 232)

Precision and Accuracy ‘ - o o ‘

1. In a‘s‘in‘glé laboratory. (EMSL), using a mixed industrial-domestic waste effluent at

concentrations of 0.20, 1.0 and 5.0 mg Ni/1, the standard deviations were +0.011, +0.02

and 0.04, respectively. Recoveries at these levels were 100%, 97% and 93%,
respectively.




NICKEL
Method 249.2 (Atomic Absorptlon, furnace techmque)

STORET NO. Total 01067
Dissolved 01065
-Suspended ' 01066

Optimum Concentration Range:  5-50 ug/1-
Detection Limit: 1ug/l

Preparation of Standard Solution
1.  Stock solution: Prepare as described under “direct aspiration methpd”.
2. Prepare dilutions of the stocksolution to be used as calibration St,éndards‘ at the time of
- analysis. These solutions are also to'used for “standard additions”.
3.  Thecalibration standard should be diluted to contain 0.5% (v/ v) HNO3 )

Sample Preservation
1.  For sample handling and preservation, see part 4 1 of the Atomic Absorption Methods
section of this manual.
Sample Preparation
1.  Prepare as described under “direct aspiration method”. Sample solutions for analysis

should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)
1.  Drying Time and Temp: 30 sec-125°C.
Ashing Time and Temp: 30 sec-800°C.
Atomizing Time and Temp: 10 sec—2700°C.
Purge Gas Atmosphere: Argon
Wavelength: 232.0 nm
Other operating parameters should be set as spemﬁed by the partlcular instrument
manufacturer.

S hwbh

Analysis Procedure
1.  For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Notes
1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and pyrolytic

Approved for NPDES
Issued 1978
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S.

6.

graphite. Smaller size furnace devices or ‘those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time perlods than the
above recommended settings.

The use of background correction is recommiended.

Nitrogen may also be used as the purge gas.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorptlon Methods
section of this manual).

If method of standard addition is required, follow the procedure given earher in part 8.5
of the Atomic Absorption Methods section of this manual.
Data to be entered into STORET must be reported as ug/1.

P
i '

Precision and Accuracy

L.

Precision and accuracy data are not available at this time.
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OSMIUM
Method 252.1 (Atomic Absorption, direct aspiration)

STORET NO. Total*

Optimum Concentration Range: 2-100mg/1 using a wavelength of 290.9 nm
Sensitivity: 1 mg/1
Detection Limit: 0.3 mg/1

Preparation of Standard Solution ‘
1. Stock Solution: A standard AAS solution of osmium tetroxide, OsO,, 1000 mg/1 in
aqueous matrix is available from Alfa Products, Beverly, Massachusetts 01915.
Cat. #88084 ' ‘ '
2,  Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared to contain 1% (v/v) HNO; and
1% (v/v) H,SO,.

Sample Preservation .
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1.  Transfer a representative 100 ml aliquot of the well mixed sample to a Griffin beaker and
add 1 ml of conc. distilled HNOj;. Place the beaker on a steam bath or hot plate and warm
for 15 minutes. Cool the beaker and filter to remove insoluble material that could clog
the atomizer. Add 1 ml of conc. H,SO, and adjust the volume back to 100 ml. The sample
is now ready for analysis. ‘

Instrumental Parameters (General)

1.  Osmium hollow cathode lamp

2. Wavelength: 290.9 nm

3. Fuel: Acetylene

4.  Ozxidant: Nitrous oxide

5.  Type of flame: Fuel rich
Analysis Procedure

1.  For the analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the
Atomic Absorption Methods section of this manual.

*Not Assigned
Approved for NPDES

Issued 1976
Technical revision 1978

252.1-1




Notes d C L . S
1. Osmium tetroxide, the usual commercial form, is very volatile and highly toxic. Care
should be exercised when working with this compound.

2. For concentrations of osmium below 0.5 mg/1 the furnace procedure, Method 252.2, is
recommended.

Precision and Accuracy
1. Precision and accuracy data are not available at this time. -
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OSMIUM
‘Method 252.2 (Atomic Absorption, furnace technique)

~ 'STORET 'NO. Total*

Optimum Concentration Range:  50-500 ug/1
Dectection Limit: 20 ug/1

Preparation of Standard Solution .
1.  Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. The calibration standard should be diluted to contain 1% (v/v) HNO;.

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1.  Prepare as described under “direct aspiration method”, except omit the addition of

H,SO, on the final volume adjustment. Sample solutions for analysis should contain 1%
(v/v) HNO,.

Instrument Parameters (General)

Drying Time and Temp: 30 sec-105°C.

Ashing Time and Temp: See NOTE 3 below.

Atomizing Time and Temp: 10 sec~2700°C.

Purge Gas Atmosphere: Argon

Wavelength: 290.9 nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

SANNA il o

Analysis Procedure
1.  For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Notes
1.  Osmium tetroxide, the usual commercial form, is very volatile and highly toxic. Care
should be exercised when working with this compound.

*Not Assigned

Approved for NPDES
Issued 1978
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The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphite.

Since O,0, volatilizes near 150°C, the allowable ashing temperature must be venﬁed in
the sample matrix being analyzed.

The use of background correction is recommended.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

If method of standard addition is requlred follow the procedure given earlier in-part 8.5
of the Atomic Absorption Methods section of this manhual. :

Precision and Accuracy

1.

Precision and accuracy data are not avallable at this time.




, PALLADIUM : .
Method 253 1 (Atomic Absorptnon, dlrect asplratlon)

STORET NO Total 01210

Optimum Concentration Range: 0. 5—15 mg/ 1 usmg a wavelength of 247 6 nm
Sensitivity: - - 0.25mg/1 -
Detection Limit: - =~ '0.1'mg/1

Preparation of Standard Solution’ .

1. Stock Solution: Dissolve 0.1000 g of palladium wire in 2 minimum volume of aqua regia
and evaporate just to dryness. Add 5 ml conc. HCI and 25 ml deionized water and warm
until dissolution is complete. Dilute to 100 ml with deionized water. (1 ml =1 mgPd). -

2. A standard AAS solution of palladous chloride, PACl,, 1000 mg/1 in aqueous matrix is
available from Alfa Products, Beverly, Massachusetts 01915.

Cat. #88085.

3. Prepare dilutions of the stock solution to be used as calibration standards at the time of

analysis. The calibration standards should be prepared to contain 0.5% (v/v) HNO,.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation

1. Transfer a representative aliquot of the well mixed sample to a Griffin beaker and add 3
ml of conc. distilled HNO,. Place the beaker on a steam bath and evaporate to near
dryness. Cool the beaker and cautiously add a 5 ml portion of aqua regia. (See below for
preparation of aqua regia.}) Cover the beaker with a watch glass and return to the steam
bath. Continue heating the covered beaker for 30 minutes. Remove cover and evaporate
to near dryness. Cool and add 1:1 redistilled HNO; (1 ml per 100 ml dilution). Wash
down the beaker walls and watch glass with distilled water and filter the sample to
remove silicates and other insoluble material that could clog the atomizer. Adjust the
volume to some predetermined value based on the expected metal concentration. The
sample is now ready for analysis.

tAqua regia-prepare immediately before use by carefully adding three volume of
conc. HC1 to one volume of conc. HNO;.

Approved for NPDES ‘
Issued 1976 '
Technical revision 1978
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Instrumental Parameters (General) '
Palladium hollow cathode lamp
Wavelength: 247.6 nm
Fuel: Acetylene
Oxidant: Air
Type of flame: Oxidizing

Analysis Procedure L . oy
1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic
Absorption Methods section of this manual.

Notes ‘ ‘ ‘ e L
1. For concentrations of palladium below 0.25 mg/1, the furnace procedure, Method 253.2,
is recommended.

Precision and Accuracy
1. Precision and accuracy data are not available at this time.




PALLADIUM
Method 253.2 (Atomic Absorptlon, furnace technlque)

STORET- NO. Total 01210

Optimum Concentration Range: 20-400 ug/1
Detection Limit: 5 ug/ 1

Preparatlon of Standard Solutlon : :
1. Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
"+ analysis. These solutions are also to be used for “standard additions”.
3. Thecalibration standard should be diluted to contain 0.5% (v/v) HNO,.'

Sample Preservation o
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.
Sample Preparation ‘
1. Prepare as described under “direct aspiration method”. Sample solution for analysis

should contain 0.5%(v/v) HNO,.

Instrument Parameters (General)

Drying Time and Temp: 30 sec-125°C.

Ashing Time and Temp: 30 sec—1000°C.

Atomizing Time and Temp: 10 sec~2800°C.

Purge Gas Atmosphere: Argon

Wavelength 247.6 nm

Other operating parameters should be set as specified by the particular 1nstrument
manufacturer.

S e

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Notes
1. Theabove concentration values and instrument conditions are for a Perkin-Elmer HGA -
2100, based on the use of a 20 ul injection, continuous flow purge gas and pyrolytic
graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings.
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The use of background correction is recommended.

3.  Nitrogen may also be used as the purge gas.

4.  For every sample matrix analyzed, verification is necessary to determme that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

5.  If method of standard addition is requlred follow the procedure given earlier in part 8 5

of the Atomic Absorption Methods section of this manual ‘

Precision and Accuracy
1. Precision and accuracy data are not available at this time. .

t
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. PLATINUM
Method 255 1 (Atomlc Absorptlon, direct asplratlon)

STO,RE'If j NO. Total*

Optimum Concentration Range:  5-75 Iﬁg/ 1usinga Wayelength 0£265.9 nm.
Sensitivity: 2mg/1 ' ’ )
Detection Limit: = 0.2mg/1

Preparation of Standard Solution

1. Stock Solution: Dissolve 0.1000 g of platinum metal in a minimum volume of aqua regia
and evaporate just to dryness. Add 5 ml HCl and 0.1 g NaCl and again evaporate just to
dryness. Dissolve the residue in 20 ml of (1: 1) HC! and dilute to 100 ml with deionized
water. (Iml = 1mgPt).

2. A standard AAS solution of chloroplatinic acid, H,PtCl,, 1000 mg/1 in aqueous matrix
is available from Alfa Products, Beverly, Massachusetts 01915.
Cat. #88086.

3. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared to contain 0.5%(v/v) HNO,.

Sample Preservation
1. For sample handling and preservatlon, see part 4.1 of the Atomic Absorptlon Methods
section of this manual.

Sample Preparation

1. Transfer a representative aliquot of the well mixed sample to a Griffin beaker and add 3
ml of conc. distilled HNO,. Place the beaker on a steam bath and evaporate to near
dryness. Cool the beaker and cautiously add a 5 ml portion of aqua regia. (See below for
preparation of aqua regia.T). Cover the beaker with a watch glass and return to the steam
bath. Continue heating the covered beaker for 30 minutes. Remove cover and evaporate
to near dryness. Cool and add 1:1 distilled HNO; (1 ml per 100 ml dilution). Wash down
the beaker walls and watch glass with distilled water and filter the sample to remove
silicates and other insoluble material that could clog the atomizer. Adjust the volume to
some predetermined value based on the expected metal concentration. The sample is now
ready for analysis. s

tAqua regia-prepare immediately before use by carefully adding three volumes of conc. HCI
to one volume of conc. HNO,.

*Not Assigned
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Instrumental Parameters (General)
Platinum hollow cathode lamp
Wavelength: 265.9nm’

Fuel: Acetylene
Oxidant: Air
Type of flame: Oxidizing

Analysis Procedure
1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomlc

Absorption Methods section of this manual.

For concentrations of platmum below 1 0 mg/ 1 the fumace proccdure, Method 255 2, is
recommended

Precision and Accuracy
1. Precmon and accuracy data are not available at this time. -




PLATINUM
Method 255.2 (Atomic Absorption, furnace technique)

STORET NO. Total*

Optimum Concentration Range: 0.1-2mg/1
Detection Limit: 0.02 mg/1

Preparation of Standard Solution
1. Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. The calibration standard should be diluted to contain 0.5% (v/v) HNO.,.

Sample Preservation ‘
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual. '
Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis

should contain 0.5% (v/v)HNO,.

Instrument Parameters (General)

Drying Time and Temp: 30 sec-125°C.

Ashing Time and Temp: 30 sec~1300°C.

Atomizing Time and Temp: 10 sec-2800°C

Purge Gas Atmosphere: Argon

Wavelength: 265.9 nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

SV AN

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual. -

Notes
1. Theabove concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and pyrolytic
graphite. Smaller size furnace devices or those employing faster rates of atomization can

*Not Assigned
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be operated using lower atomlzatlon temperatures for shorter time periods than the
above recommended settings. ‘ ’
The use of background correction is recommended.
Nitrogen may also be used as the purge gas.

~ For every sample matrix analyzed, verification is necessary to determine that method of
‘standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).
If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

Precision and Accuracy
1. Precision and accuracy data are not available at this time.




'POTASSIUM
Method 258. 1 (Atomic Absorptlon, direct asplratlon)

STORET NO. Total 00937
" Dissolved 00935
Suspended 00936

" Optimum Concentration Range: ~ 0.1-2 mg/1 using a wavelength of 766.5 nm v
Sensitivity: 0.04 mg/1 ' '
Detection Limit: 0.01 mg/1

Preparation of Standard Solutlon

1. Stock Solution: Dissolve 0.1907 g of KCl (analytical reagent grade) dried at 110°C, in
deionized distilled water and make up to 1 liter. 1 ml = 0.10 mg K (100 mg/1).

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing. ‘

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual

Sample Preparation -

1. For the analysis of total potassium in domestic and industrial effluents, the procedures
for the determination of total metals as given in parts 4.1.3 and 4.1.4 of the Atomic
Absorption Methods section of this manual have been found to be satisfactory.

2. For ambient waters, a representative aliquot of a well mixed sample may also be used
directly for analysis. If suspended solids are present in sufficient amounts to clog the
nebulizer, the sample may be allowed to settle and the supernatant liquid analyzed
directly.

Instrumental Parameters (General)
Potassium hollow cathode ‘lamp;
Wavelength: 766.5 nm

Fuel: Acetylene

Ozxidant: Air )
Type of flame: Slightly oxidizing

U i
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Analysis Procedure
1. For the analysis procedure and the calculatlon, see “Direct Asplranon” part 9.1 of the
Atomic Absorption Methods section of this manual.

Notes

1.  Inair-acetylene or other high temperature flames (> 2800°C), potassium can experience
partial ionization which indirectly affects absorption sensitivity. The presence of other
alkali salts in the sample can reduce this ionization and thereby enhance analytical
results. The ionization suppressive effect of sodium is small if the ratio of Na to K is
under 10. Any enhancement due to sodium can be stabilized by adding excess sodium

.- (1000 ug/ml) to both sample and standard solutions. If more stringent control of
ionization is required, the addition of cesium should be considered. Reagent blanks
. should be analyzed to correct for potassium impurities in the buffer stock.

2. The404.4 nm line may also be used. This line has a relative sensitivity of 500.

3.  To cover the range of potassium values normally observed in surface waters (0.1-20
mg/1), it is suggested that the burner head be rotated. A 90° rotation of the burner head
provides approximately one-eighth the normal sensitivity.

4.  The flame photometric or colorimetric methods may also be used (Standard Methods,
14th Edition, p 234 & 235).

5.  Datato be entered into STORET must be reported as mg/1.

Precision and Accuracy
1.  Inasingle laboratory (EMSL), using distilled water samples spiked at concentrations of
1.6 and 6.3 mg K/1. The standard deviations were +0.2 and +0.5, respectlvely
Recoveries at these levels were 103% and 102%, respectlvely
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RHENIUM
Method 264 1 (Atomlc Absorptlon, dlrect asplratlon)

SR

STORET NO Total*

‘Optimum Concentration Range:  50-1000 mg/1 using-a wavelength of 3460 nm . -
Sensitivity: . 15mg/1 v oo St s e T
Detection Limit: - 5mg/1

w o

,Preparatmn of Standard Solutlon : e o S
:1,- Stock solution: Dissolve 1.554 g of potassmm perrhenate, KRe04, in 200 ml dejonized

-+ water. Dilute to 1 liter with 1% (v/v) H,SO,. (1. ml ‘= 1 mg Re). -
2. A standard AAS solution of ammonium perrhenate, NH,ReO,," 1000 mg/ lin aqueous
matrix is available from Alfa Products; Beverly, MassachussettsOl915
Cat. #88089. : L e s
. Prepare dilutions of the stock solutlon to. be used as cahbratlon standards at the time of
analysis. The calibration standards should be prepared usmg 1% (v/ V) HNO3

Sample Preservatmn ' SRR :
1. For sample handling and preservation, see part 4.1 of the Atomxc Absorptlon Methods
section of this manual.

Sample Preparatnon , : - S
1. Transfer a representatlve 100 ml ahquot of the well mlxed sample to a Griffin beaker and
add 1 ml of conc. distilled HNO,. Place the beaker on a steam bath or hot plate and warm
for 15 minutes. Cool and filter to remove insoluble material that could clog the atomizer.
Adjust the volume back to 100 ml. The sample is now ready for analysis.

Instrumental Parameters (General)
Rhenium hollow cathode lamp
Wavelength: 346.0 nm
Fuel: Acetylene
Ozxidant: Nitrous Oxide
Type of flame: Fuel rich

Analysis Procedure

1. For the analysis procedure and the calculation, see “direct aspiration” part 9,1 of the
Atomic Absorption Methods section of this manual.

*Not Assigned
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Notes
1. For concentrations of rhenium below 10 mg/1, the furnace procedure, Method 264.2, is
recommended.
Precision and Accuracy
1.  Precision and accuracy data are not available at this time.
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RHENIUM
Method 264.2 (Atomic Absorption, furnace technique)

STORET NO. Total*
Optimum Concentration Range:  0.5-5 mg/1
Detection Limit: 0.2mg/1

‘Preparation of Standard Solution
‘1. Stock solution: Prepare as described under “direct aspiration method?’.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. Thecalibration standards should be diluted to contain 1% (v/v) HNO,.

Sample Preservation
' ‘1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis
should contain 19%(v/v) HNO,.

Instrument Parameters (General)
. Drying Time and Temp: 30 sec—125°C.
Ashing Time and Temp: 30 sec—-300°C.
Atomizing Time and Temp: 10 sec~2800°C.
Purge Gas Atmosphere: Argon
Wavelength: 346.0 nm :
Other operating parameters should be set as specified by the particular instrument
manufacturer.

A ol a

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

*Not Assigned

Issued 1978
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The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100 based on, the use of a 20 ul 1njectlon contmuous ﬂow purge gas and pyrolytic
graphlte ‘

. Background correction may be required if the sample contains high dissolved solids.

Since many rhenium compounds volatilize near 300°C, the allowable ashing temperature
should be verified in the sample matrix being analyzed.

For every sample matrix analyzed; verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomlc Absorptlon Methods
section of this manual).

If method of standard addition is required, follow the procedure glven earher in part 8.5
of the Atomic Absorption Methods sectlon of thls manual

Precision and Accuracy

1.

Precision and accuracy data are not available at this time.




f , RHODIUM e
Method 265.1 (Atomic Absorption, direct aspiration) )

.STORET NO. Total*

- Optimum Concentration Range: !1-—30 mg/ 1 usfng a wavelength of 343;5 nm
Sensitivity: . 0.3 mg/1 , A ,
Detection Limit: 0.05mg/1

Preparatmn of Standard Solutlon ,

1. Stock Solution: Dissolve 0.3768 g of ammonium chlororhodlte, (NH4)3Rh015-H20 ina
minimum volume of 10% (v/v) HCI and dilute to 100 ml w1th 10% HCL. (1 ml = lmg
Rh).

2. A standard AAS solut1on of rhodlum trlchlonde, RhCl3, 1000 mg/ 1 in aqueous matrix is
available from Alfa Products, Beverly, Massachusetts 01915.
Cat. 88090

3. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared to contain 0.5% (v/v) HNO,,

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation

1. Transfer a representative aliquot of the well mixed sample to a Griffin beaker and add 3
ml of conc. distilled HNO;. Place the beaker on a steam bath and evaporate to near
dryness. Cool the beaker and cautiously add a 5 ml portion of aqua regia. (See below for
preparation of aqua regia.t) Cover the beaker with a watch glass and return to the steam
bath. Continue heating the covered beaker for 30 minutes. Remove cover and evaporate
to near dryness. Cool and add 1:1 distilled HNO; (1 ml per 100 ml dilution). Wash down
the beaker walls and watch glass with distilled water and filter the sample to remove
silicates and other insoluble material that could clog the atomizer. Adjust the volume to
some predetermined value based on the expected metal concentration. The sample is now
ready for analysis.

tAqua regia-prepare immediately before use by carefully adding three volumes
of conc. HC1 to one volume of conc. HNO,.

*Not Assigned
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Instrumental Parameters (General)
Rhodium hollow cathode lamp
Wavelength: 343.5 nm
Fuel: Acetylene
Oxidant: Air
Type of flame: Oxidizing

Analysis Procedure o ‘ A
1.  For the analysis procedure and the calculation, see “Direct Aspiration”, part 9.1 of the
Atomic Absorption Methods section of this manual. o

Notes

1. For qbncentrations of rhodium below 0.2 mg/1, the furnace ‘procedure, Méthod 265.2,is
recommended.

Precision and Accuracy
1. Precision and accuracy data are not available at this time. _




RHODIUM ,
Method 265.2 (Atomic Absorptlon, furnace technlque)

STORET NO Total*

Optimum Concentration Range: 20400 ug/1
Detection Limit:.  5ug/1

Preparation of Standard Solution
1. Stock solution: Prepare as described under “direct aspiration method”. '
.. =2. . . Prepare dilutions of the stock solution to be used as calibration standards at the time of
. analysis. These solutions are also to be used for “standard additions”. -
3. The-calibration standard should be diluted to contain 0.5% (v/v) HNO,.

Sample Preservation : : '
1. For sample handling and preservauon see part 4.1 of the Atomlc Absorptlon Methods
section of this manual.

Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis
should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)

Drying Time and Temp: 30 sec-125°C.

Ashing Time and Temp: 30 sec—1200°C.

Atomizing Time and Temp: 10 sec—2800°C.

Purge Gas Atmosphere: Argon

Wavelength: 343.5 nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

AU AW

Analysis Procedure ,
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

*Not Assigned
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1. Theabove concentration values and mstrument condltlons are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul m_]ectlon, continuous flow purge gas and pyrolytic
graphite.

2.  Background correction may be required if the sample contains high dissolved solids.

3. Theuseof nitrogen as a purge gas is not recommended.

4.  For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual). :

5. If method of standard addition is required, follow the procedure given earher in part 8.5
of the Atomic Absorptlon Methods section of this manual ’

Precision and Accuracy ‘
1,  Precisionand accuracy data are not available at this time.
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RUTHENIUM
Method 267 1 (Atomlc Absorptlon, dlrect asplratlon)

STORET NO. Total*

" Optimum Concentration Range:- 1 50 mg/ 1 usmg a wavelength of 349 9 nm
iSensitivity: = - 0.5.mg/1 ‘
Detection Limit: 0.2 mg/ 1

o

Preparatlon of Standard Solutlon e e T T
1. Stock Solution: Dissolve 0.2052 g of ruthemum chlonde, RuCl3, ina mmlmum volume of
20% (v/v) HCl and dilute to 100 ml with 20% HCL. (1 ml = 1mgRu). "
2. Prepare dilutions of the stock 'solution to-be used as calibration standards at the time of
analysis. The calibration standards should be prepared using 1% (v/v) HCI.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. Transfer a representative 100 ml aliquot of the well mixed sample to a Griffin beaker and
add 2 ml of distilled (1:1) HCIL. Place the beaker on a steam bath or hot plate and warm at
95°C for 15 minutes. Cool the beaker and filter the sample to remove insoluble material
that could clog the atomizer. Adjust the volume back to 100 ml. The sample is now ready
for analysis.

Instrumental Parameters (General)
' Ruthenium hollow cathode lamp
Wavelength: 349.9 nm
Fuel: Acetylene
Oxidant: Air
Type of flame: Oxidizing

Analysis Procedure
1. For the analysis procedure and the calculation, see “Direct Aspiration”, part 9.1 of the
Atomic Absorption Methods section of this manual.

*Not Assigned
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Notes ‘ ‘
1. For concentrations of ruthenium below 0.5 mg/1, the furnace procedure, Method 267.2,
is recommended.

Precision and Accuracy ‘
1. Precision and accuracy data are not available at this time.




RUTHENIUM
- Method 267.2 (Atomic Absorption, furnace technique)

STORET NO. Total*

Optimum Concentration Range: 0.1-2 mg/1
Detection Limit: 0.02mg/1

Preparation of Standard Solution
1. Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. Usingdistilled (1:1) HCI, the calibration standards should be diluted to contain 1% (v/v)

HCL
Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.
Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis

should contain 1% (v/v) HCL

Instrument Parameters (General)
Drying Time and Temp: 30 sec~125°C.
Ashing Time and Temp: 30 sec—400°C.
Atomizing Time and Temp: 10 sec-2800°C.
-Purge Gas Atmosphere: Argon
Wavelength: 349.9 nm .
Other operating parameters should be set as specified by the particular instrument
manufacturer.

S S sl

Analysis Procedure 3
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

*Not Assigned
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The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, contmuous flow purge gas and non-pyrolytic
graphite.

Background correction may be requn‘ed if the sample contains high dissolved solids.
Nitrogen may also be used as the purge gas.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

If method of standard addition is required, follow the procedurc: given earher in part 8.5
of the Atomic Absorption Methods section of this manual.

| | PN
IR R TR R B

Precision and Accuracy
Precision and accuracy data are not available at this time.
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SELENIUM
Method 270.2 (Atomlc Absorpuon, furnace techmque)
STORET NO Total 01147

Dissolved 01145
~ Suspended 01146

Optfmum Concentration Réﬁge: 5-100 ug/ 1
Detection Limit: 2ug/1 '

Preparation of Standard Solution

1.  Stock Selenium Solution: Dlssolve 0 3453 g of selenous ac1d (actual assay 94 6% H,Se0,)
in deionized distilled water and make up t0 200 ml. I ml = 1mg Se (1000 mg/1).

2. Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS reagent grade Ni(NO;),*6H,0 in
deionized distilled water and make up to 100 ml.

3. Nickel Nitrate Solution, 1%: Dilute 20 ml of the 5% nickel nitrate to 100 ml with
deionized distilled water.

4.  Working Selenium Solution: Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Withdraw appropriate aliquots of the stock
solution, add 1 ml of conc. HNO;, 2 ml of 30% H,0, and 2 ml of the 5% nickel nitrate
solution. Dilute to 100 ml with deionized distilled water.

Sample Preservation

1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods

section of this manual.
Sample Preparation

1. Transfer 100 ml of well-mixed sample to a 250 ml Griffin beaker, add 2 ml of 30% H,O,
and sufficient conc. HNO; to result in an acid concentration of 1%(v/v). Heat for 1 hour
at 95°C or until the volume is slightly less than 50 ml.

2. Cool and bring back to 50 ml with deionized distilled water.

3. Pipet 5 ml of this digested solution into a 10-ml volumetric flask, add 1 ml of the 1%

nickel nitrate solution and dilute to 10 ml with deionized distilled water. The sample is
now ready for injection into the furnace. NOTE: If solubilization or digestion is not
required adjust the HNO; concentration of the sample to 1% (v/v) and add 2 ml of 30%
H,0, and 2 ml of 5% nickel nitrate to each 100 ml of sample. The volume of the
calibration standard should be adjusted with deionized distilled water to match the
volume change of the sample.

Approved for NPDES and SDWA
Issued 1978
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Instrument Parameters

Drying time and temperature 30sec @ 125°C

Charring time and temperature: 30 sec @ 1200°C

Atomizing time and temperature: 10 sec @ 2700°C

Purge Gas Atmosphere: Argon

Wavelength: 196.0 nm. ' ‘

Other operating parameters should be set as specified by the partlcular 1nstrument
manufacturer. : D ey

Analysis Procedure

L.

6.

7.

For the analysis procedure and the calculation see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, purge gas interrupt and non-pyrolytic
graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings. ‘

The use of background correction is recommended. -
Selenium analysis suffers interference from chlorides (> 800 mg/1) and sulfate (> 200
mg/1). For the analysis of industrial effluents and samples with concentrations of sulfate
from 200 to 2000 mg/1, both samples and standards should be prepared to contain 1%
nickel.

For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual). ‘
For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual. ‘
Data to entered into STORET must be reported as ug/1.

Precision and Accuracy

1.

2.

Using a sewage treatment plant effluent containing <2 ug/1 and spiked with a
concentration of 20 ug/1, a recovery of 99% was obtained.

Using a series of industrial waste effluents spiked at a 50 ug/1 level, recoveries ranged
from 94 to 112%. ’
Using a 0.1% nickel nitrate solution as a synthetic matrix with selenium concentrations
of 5, 10, 20, 40, 50, and 100 ug/1, relative standard deviations of 14. 2,11.6,9.3,7.2, 6.4
and 4.19%, respectively, were obtained at the 95% confidence level.




4. Inasingle laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations
of 5, 10, and 20 ug Se/1, the standard deviations were +0.6, +0.4, and +0.5,
respectively. Recoveries at these levels were 929%, 98%, and 100%, tespéctively.

Reference: -
“Determmmg Selenium in Water, Wastewater, Sediment and Sludge By Flameless Atomic
Absorption Spectroscopy’?, Martin, T. D., Kopp, J. F. and Ed1ger R. D. Atomic Absorption
Newsletter 14, 109 (1975).
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SELENIUM
Method 270.3 (Atomic Absorption, gaseous hydride)

STORET NO. Total 01147
Dissolved 01145
Suspended 01146

Scope and Application

1.1 The gaseous hydride method determines inorganic selenium when present in
concentrations at or above 2 ug/1. The method is applicable to drinking water and most
fresh and saline waters, in the absence of high concentrations of chromium, cobalt,
copper, mercury, molybdenum, nickel and silver.

Summary of Method ,

2.1 Selenium in the sample is reduced from the 4 6 oxidation state to the 44 oxidation state
by the addition of SnCl,. Zinc is added to the acidified sample, producing hydrogen and
converting the selenium to the hydride, SeH,. The gaseous selenium hydride is swept into
an argon-hydrogen flame of an atomic absorption spectrophotometer. The working
range of the method is 2-20 ug/1 using the 196.0 nm wavelength.

Comments

3.1 Inanalyzing drinking water and most surface and ground waters, interferences are rarely

encountered. Industrial waste samples should be spiked with a known amount of
selenium to establish adequate recovery. ‘
Organic forms of selenium must be converted to an inorganic form and organic matter
must be oxidized before beginning the analysis. The oxidation procedure given in method
206.5 (Standard Methods, 14th Ed. 404B, p 285, Procedure 4.1) should be used.

3.3 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

3.4 For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.

3.5 Datatobeentered into STORET must be reported as ug/1.

Precision and Accuracy

4.1 Ten replicate solutions of selenium oxide at the 5, 10 and 15 ug/1 level were analyzed by
a single laboratory. Standard deviations at these levels were +0.6, +1.1 and +2.9 with
recoveries of 100, 100 and 101%. (Caldwell, J. S., Lishka, R. J., and McFarren, E. F.,
“Evaluation of a Low-Cost Arsenic and Selenium Determination at Microgram per Liter
Levels”, JAWWA, vol 65, p. 731, Nov. 1973.)
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5.1 Except for the perchloric acid step, the procedure to be used for this determination is
found in: . :
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 159,
Method 301A(VIL), (1975)
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SILVER
Method 272.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01077
Dissolved 01075
Suspended 01076

Optimum Concentration Range: 0.1-4 mg/1 using a wavelength of 328.1 nm
Sensitivity: 0.06 mg/1
Detection Limit: 0.01'mg/1

Preparation of Standard Solution

1.  Stock Solution: Dissolve 1.575 g of AgNO, (analytical reagent grade) in deionized
distilled water, add 10 ml conc. HNO; and make up to 1 liter. I ml = 1 mg Ag (1000
mg/1).

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using nitric acid and at the same
concentration as will result in the sample to be analyzed either directly or after
processing. ‘ '

3, Iodine Solution, 1 N: Dissolve 20 grams of potassium iodide, KI (analytical reagent
grade) in 50 ml of deionized distilled water, add 12.7 grams of iodine, I, (analytical
reagent grade) and dilute to 100 ml. Store in a brown bottle.

4.  Cyanogen Iodide (CNI) Solution: To 50 ml of deionized distilled water add 4.0 ml conc.
NH,OH, 6.5 grams KCN, and 5.0 ml of 1.0 N I, solution. Mix and dilute to 100 ml with
deionized distilled water. Fresh solution should be prepared every two weeks."”

Sample Preservation v
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation .
1. The procedurés for preparation of the sample as given in parts 4.1.1 thru 4.1.3 of the
" Atomic Absorption Methods section of this manual have been found to be satisfactory;
however, the residue must be taken up in dilute nitric acid rather than hydrochloric to
prevent precipitation of AgCL

Approved for NPDES and SDWA
Issued 1971
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Instrumental Parameters (General)
Silver hollow cathode lamp
Wavelength: 328.1 nm
Fuel: Acetylene
Oxidant: Air
Type of flame: Oxidizing

Analysis Procedure
1. For the analysis procedure and the calculation, see “Direct Aspiration”, part 9.1 of the
Atomic Absorption Methods section of this manual.

R B T

For levels of silver below 30 ug/1, either the Special Extractlon Procedure, given in part v
9.2 of the Atomic Absorptlon Methods sectlon or the furnace procedure, Method 272 2,
isrecommended.

Silver nitrate standards are 11ght sens1t1ve Dllutlons of the stock should be discarded
after use as concentrations below 10 mg/ 1 are not stable over long periods of time.

If absorption to container walls or the formation of AgCl is suspected, make the sample
basic using conc. NH,OH and add 1 ml of (CNI) solution ‘per 100 ml of sample. Mix the
sample and allow to stand for 1 hour before proceedmg w1th the analys1s w

The 338.2 nm wavelength may also be used This has a relatlve sens1t1v1ty of 2

Data to be entered into STORET must be reported as ug/ i '

Precision and Accuracy
1. In a round-robin study reported by Standard Methods, a synthetic sample contalmng 50
ug Ag/1 was analyzed by 50 laboratories with a reported standard dev1at1on of 8.8 and ‘
arelative error 10.6%. B
References R
1.  “The Use of Cyanogen Iodide (CNT) as a Stablhzmg Agent for Sllver in Photographlc
Processing Effluent Sample”, Owerbach, Daniel, Photographic Technology Division,
Eastman Kodak Company, Rochester, N Y. 14650 -
Standard Methods for Examination of Water and Wastewater, 14th Edltlon, p. 148
Method 301A.




SILVER

Method 272.2 (Atomic Absorption, furnace technique) -

STORET NO. Total 01077
Dissolved 01075
 Suspended 01076

Optimum Concentration Range: 1-25ug/1
Detection Limit: 0.2 ug/1

Preparatmn of Standard Solutlon
1. = Stock Solution: Prepare as described under “direct aspiration method” ,
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
"~ analysis. These solutions are also to be used for “standard additions”.
‘ The calibration standard should be dlluted to contam 0.5% (v/v), HNO3

Sample Preservation ‘
1. For sample handling and preservatlon, see part 4.1 of the Atomlc Absorptlon Methods
section of this manual.

Sample Preparation
1.  Prepare as described under “direct asplratlon method”. Sample solutlons for analysis
should contam 0. 5% (v/v) HNO;.

Instrument Parameters (General)
Drying Time and Temp: 30 sec~125°C.
Ashing Time and Temp: 30 sec—<400°C.
Atomizing Time and Temp: 10 sec—2700°C.
Purge Gas Atmosphere: Argon
Wavelength: 328.1 nm
Other operating parameters should be set as spec1ﬁed by the partlcular 1nstrument
manufacturer.

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Approved for NPDES and SDWA
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Notes

1. Theabove concentration values and instrument conditions are for a Perkin-Elmer HGA -
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphlte Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings. .

2. Background correction may be required if the sample contains high dissolved solids.

The use of halide acids should be avoided.

4.  Ifadsorption to container walls or formation of AgCl is suspected see NOTE 3 under the
Direct Aspiration Method 272.1. »

5. For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual). ‘

6.  For quality control requirements and optional recommendatlons for use in drmkmg
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.

7. If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

8.  Datato beentered into STORET must be reported as ug/ 1.

w

Precision and Accuracy:
1. Inasingle laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations
of 25, 50, and 75 ug Ag/1, the standard deviations were 0.4, 0.7, and 0.9,

respectively. Recoveries at these levels were 94%, 100%‘a“nd 104%, respectiyely.‘
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SODIUM

B

Method 273 1 (Atomlc Absorptlon, dlrect asplratlon)

STORET NO. Total 00929
. Dissolved 00930
Suspended 00928

‘ Optimum Coﬂéehtraﬁon Raﬁge: 0.03-1 mg/ 1 ﬁsiflg a wavelength of 589.6 nm

- Sensitivity: 0.015mg/1

 Detection Limit: -~ 0.002 mg/1

. Preparation of Standard Solutions ) -

1..  Stock Solution: Dissolve 2. 542 g of NaCl (analytxcal reagent grade), drled at 140°C in

~ deionized distilled water and make up to 1 liter. 1. ml: =: 1 mg Na (1000 mg/1).

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standardé‘shou_ld be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing.

Sample Preservatlon o
1.  For sample handlmg and preservatlon see. part 4.1 of the Atomlc Absorptlon Methods
section of this manual.

Sample Preparation
1. For the analysis of total sodium in domestic and industrial effluents, the procedures for
the determination of total metals as given in parts 4.1.3 and 4.1.4 of the Atomic
Absorption Methods section of this manual have been found to be satisfactory.
2. For ambient waters, a representative aliquot of a well-mixed sample may be used directly
for analysis. If suspended solids are present in sufficient amounts to clog the nebulizer,
the sample may be allowed to settle and the supernatant liquid analyzed directly.

Instrumental Parameters (General)
Sodium hollow cathode lamp
Wavelength: 589.6 nm

Fuel: Acetylene

Oxidant: Air

Type of flame: Oxidizing

Bk D=
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Analysis Procedure

1. For the analysis procedure and the calculation, see “Direct Aspiration™, part 9.1 of the
Atomic Absorption Methods section of‘ this manual

Notes
1. The 330.2 nm resonance line of sodium, which has a relative sensitivity of 185, provides a
convenient way to avoid the need to dilute more concentrated solutions of sodium.
Low-temperature flames increase sensitivity by reducing the extent of ionization of this
easily ionized metal. Ionization may also be controlled by adding potassium (1000 mg/1)
to both standards and samples. .
Data to be entered into STORET must be reported as mg/1.

The flame photometric method may also be used (Standard Methods, 14th Edition, p
250).

Precision and Accuracy

1. Inasingle laboratory (EMSL), using distilled water samples spiked at levels of 8.2 and 52 |
mgNa/1, the standard deviations were 0.1 and 0.8, respectively. Recoveries at these
levels were 102% and 100%.




United States ‘ Environmental Manitoring and
Environmental Protection Support Laboratory
Agency Cincinnati OH 45268

Research and Development

s TestMethod
‘Sodium (Atomic
Absorption, furnace
technique) ‘;I\/let'hjo'd}25’73:2

Optimum Concentration Range: 1-30 | the calculation, see “Furnace

ug/L o : " Procedure” 9.3 of the Atomic
Detection Limit: 0.2 ug/L : ’ ‘Absorption- method section of
Preparation of Standard Solution this manual.

1. Stock solution: Prepare as
described under “direct
aspiration method.” Notes

2. Prepgxre dilutions of the St.OCk . 1. The above concentration values
solution to be used as calibration and instrument conditions are

standards at the time of analysis. .
. These solutions are also to be Igs:dpg:‘kmfggzro':g'goz;fo'
used for “‘standard additions.”” AN -
3. The calibration standard should |r;]:c;;]odn,ng?‘r_]tlr:;?l_;iscflc;\;v ﬁ?t;ge
be diluted to contain 0.56% (v/v} g pyrolytic grap ’

HNO Smaller size furnace devices or
s those empioying faster rates of
Sample Preservation atomization can be operated
1. For sample handling and preser- using lower atomization
vation, see part 4.1 of the Atomic temperatures for shorter time
Absorption Methods section of periods than the above
this manual. recommended settings.
Sample Preparation 2. Samples containing
1. Prepare as described under “di- concentrations higher than those

given in the optimum range

rect aspiration method”. Sampl
P ple should be analyzed by either the

solutions for analysis should -

contain 0.5% {v/v) HNO,. direct aspiration method (Method
273.1) or the flame photometric
Instrument Parameters (General) method (Std. Methods, 14th
1. Drying Time and Temp: 30 sec @ Edition, p. 250).
125°C 3. Nitrogen may also be used as
2.- Ashing Time and Temp: 30 sec @ the purge gas.
250°C 4. For every sample matrix
3. Atomizing Time and Temp: 10 sec analyzed, verification is
@ 2000°C. necessary to determine that
4. Purge Gas atmosphere: Argon method of standard addition is
5. Wavelength: 589.6 nm not required (see 5.2.1 of
6. Other operating parameters the Atomic Absorption method
should be set as specified by the section of this manual).
particular instrument 5. If method of standard addition is
manufacturer. required, follow the procedure
given earlier in 8.5 of the
Analysis Procedure Atomic Absorption methos

1. For the analysis procedure and section of this manual.
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6. Data to be entered into STORET
must be reported as ug/L.

Precision and Accuracy
1. Precision and accuracy data are
not available at this time.
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THALLIUM
Method 279.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01059
Dissolved 01057
Suspended 01058

Optimum Concentration Range:  1-20 mg/1 using a wavelength of 276.8 nm
Sensitivity: 0.5mg/1
Detection Limit: 0.1 mg/1

Preparation of Standard Solution

1. Stock Solution: Dissolve 1.303 g of thallium nitrate, TINO, (analytical reagent grade) in
deionized distilled water. Add 10 ml of conc. nitric acid and dilute to 1 liter with
deionized distilled water. 1 ml = 1mgTI (1000 mg/1).

2. Prepare dilutions of the stock thallium solution to be used as calibration standards at the
time of analysis. The calibration standards should be prepared using nitric acid and at the
same concentration as will result in the sample to be analyzed either directly or after
processing.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory if
HClis omitted.

Instrumental Parameters (General)
Thallium hollow cathode lamp
Wavelength: 276.8 nm

Fuel: Acetylene

Oxidant: Air

Type of flame: Oxidizing

“A N
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Analysis Procedure
1. For the analysis procedure and the calculatlon, see “Direct Aspiration”, part 9.1 of the
Atomic Absorption Methods section of this manual. - |
Notes ﬂ o
1. For concentrations of thallium below 0.2 mg/1, the furnace procedure, Method 279.2, is
-recommended. ‘
2. Datato be entered into STORET must be reported as ug/1.

Precision and Accuracy
1. In a single laboratory (EMSL), usmg a mixed 1ndustr1a1-“domestlc waste efﬂue
concentrations of 0.60, 3.0 and 15 mg T1/1, the standard deviations were 0. 018 +0.05
and :0.2, respectively. Recoveries at these levels were 100%, 98% ‘and 98%,
respectwely

279.12




THALLIUM
Method 279.2 (Atomic Absorption, furnace technique)

' STORET NO. Total 01059
Dissolved 01057
Suspended 01058

‘Optimum Concentration Range: =~ 5-100ug/1
‘,D‘etectio‘n Limit: v 1 ug/1

Preparatmn of Standard Solution .
1. Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. Thecalibration standard should be diluted to contain 0.5% (v/v) HNO,.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.
Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analysis

should contain 0.5% (v/v) HNO;.

Instrument Parameters (General)

Drying Time and Temp: 30 sec @ 125°C

Ashing Time and Temp: 30 sec @ 400°C

Atomizing Time and Temp: 10 sec @ 2400°C

Purge Gas Atmosphere: Argon

Wavelength: 276.8 nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

AU e

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Approved for NPDES
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6.

The above concentratmn values and 1nstrument cond1tlons are for a Perkm Elmer HGA-
2100, based on the use of a 20 ul 1nJect10n, continuous flow purge gas and non-pyrolytlc
graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings.

The use of background correction is recommended.

Nitrogen may also be used as the purge gas.

For every sample matrix analyzed verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorptron Methods
section of this manual).

If method of standard addition is required, follow the procedure given earlier in part 8 5
of the Atomic Absorption Methods section of this manual. .

Data to be entered into STORET must be reported as ug/ 1 /

Precision and Accuracy

L.

Precxsxon and accuracy data are not avallable at this tlme. ‘




TIN
o Method 282.1 (Atomic Absorption, direct a‘s,piratvion)' |

'STORET NO. Total 01102
N Dissolved 01100
* Suspended 01101

Optimum Concentration Range:  10-300 mg/1 using a wavelength of 286.3 nm o v
Sensitivity: -~ 4mg/1" o i '
Detection Limit: 0.8 mg/1

Preparation of Standard Solution ‘ )

1. Stock Solution: Dissolve 1.000 g of tin metal (analytical reagent grade) in 100 ml of conc.
HCl and dilute to 1 liter with deionized distilled water. 1ml = 1mg Sn (1000 mg/1).

2. Prepare dilutions of the stock tin solution to be used as calibration standards at the time
of analysis. The calibration stanidards should be prepared using the same type of acid and
at the same concentration as will result in the sample to be analyzed either directly or
after processing. :

Sample Preservation
1. For sample handling and preservatxon, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation ‘
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the

Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)

1.  Tinhollow cathode lamp

2. Wavelength: 286.3 nm

3. Fuel: Acetylene

4.  Oxidant: Nitrous Oxide

5.  Type of flame: Fuel rich
Analysis Procedure

1. For the analysis procedure and the calculation, see “Direct Aspiration”, part 9.1 of the
Atomic Absorption Methods section of this manual.

Approved for NPDES
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Notes

1. For concentrations of tin below 2 mg/ 1; the furnace procedure, Method 282.2, is

recommended. :
2.  Datato beentered into STORET must be reported as ug/1.

Precision and Accuracy :
1.  In asingle laboratory (EMSL), using a mixed industrial-domestic waste effluent spiked

at concentrations of 4.0, 20 and 60 mg Sn/1, the standard deviations were +0.25, 0.5
and +0.5, respectively. Recoveries at these levels were 96%, 101%, and 101%,

respectively.




TIN
ok b o B '
Method 282 2 (Atomlc Absorptlon, furnace techmque)

ol i e
e L PR .

STORET NO Total 01102
Dlssolved 01100
Suspended 01101

. . PP ~ . b
LER RSN A P T NN : e ok

" Optimum Concentration Range: ~ 20-300 ug/1
Detection Limit: 5ug/1

Preparation of Standard Solution
1. Stock solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”.
3. Thecalibration standard should be diluted to contain 2% (v/v) HNO,.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation ’

1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.3 of the
Atomic Absorption Methods section of this manual should be followed including the
addition of sufficient 1:1 HCI to dissolve the digested residue for the analysis of
suspended or total tin. The sample solutions used for analysis should contain 2% (v/v)
HNO..

Instrument Parameters (General)

Drying Time and Temp: 30 sec—125°C.

Ashing Time and Temp: 30 sec~600°C.

Atomizing Time and Temp: 10 sec-2700°C.

Purge Gas Atmospere: Argon.

Wavelength: 224.6 nm

Other operating parameters should be set as specified by the particular instrument
manufacturer.

SV A LN

Analysis Procedure .
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.
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7.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytlc

graphite. Smaller size furnace devices or those employmg faster rates of atomization can

be operated usmg lower atomization temperatures for shorter time perlods than the

above recommended settmg<

The use of background correction is recommended.

Nitrogen may also be used as the purge gas.

Tin analysis is sensitive to chloride concentration. If chloride concentration presents a

matrix problem or causes a loss previous to atomization, add an excess of 5 mg of
ammonium nitrate to the furnace and ash using a ramp necessary or with incremental

steps until the recommended ashing temperature is reached. Extended ashing times have

been reported to improve precision. o ‘ ‘

For every sample matrix analyzed, verification is necessary to determine that method of

standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods

section of this manual).

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

1.

Precision and accuracy data are not available at this time.




TITANIUM

Method 283.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01152
Dissolved 01150
Suspended 01151

Optimum Concentration Range: 5-100 mg/1 usinga wavelength of 365.3 nm
Sensitivity: 2mg/1
Detection Limit: 0.4mg/1

Preparation of Standard Solution
1. Stock solution: Dissolve 1.000 g of titanium metal (powder or small pieces) in 200 m]
6N HCI. Heat to near 100°‘-C‘|to effect dissolution. Cool and dilute to 1 liter with
deionized distilied water. (1 ml = 1 mg Ti (1000 mg/1)

. - Potassium chloride solution: Dissolve 95 g potassium chloride, KCl, in distilled water
and make up to 1 liter.
Prepare dilutions of the stock titanium solution to be used as calibration standards at the
time of analysis. The calibration standards should be prepared using the same type of
acid and at the same concentration as will result in the sample to be analyzed either
directly or after processing. To each 100 ml of standard and sample alike, add 2 ml of
potassium chloride solution.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation

1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.3 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory
with the following modification. For processing total and suspended titanium,
concentrated H,SO, (2 ml per 100 ml of final dilution) must be added in addition to the
nitric acid. Reflux the sample adding additional nitric. acid as needed. When
solubilization is complete, heat until the appearance of SO; fumes. Cool and add
sufficient distilled nitric acid so that the final dilution contains 0.5% (v/v) HNO,.

Instrumental Parameters (General)
1. Titanium hollow cathode lamp
2.  Wavelength: 365.3 nm
3. Fuel: Acetylene

Approved for NPDES
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4, Oxidant: Nitrous Oxide
5.  Typeofflame: Fuel rich

Analysis Procedure : D

1.  For the analysis procedure and the calculation, see “Direct Aspiration” part 9.1 of the
Atomic Absorption Methods section of this manual. ‘

Interferences

1. A number of elements increase the sensitivity of titanium. To control this problem,
potassium (1000 mg/1) must be added to standards and samples alike. [Atomic
Absorption Newsletter 6, p 86 (1967)] '

Notes e
1. For concentrations of titanium below 1.0 mg/1, the furnace procedure, Method 283.2, is
recommended. . o ‘ o
2.  Datatobe entered into STORET must be reported as ug/1.
Precision and Accuracy

1.  In asingle laboratory (EMSL), using a2 mixed indlistrialidoihestié waste effluent spiked
at concentrations of 2.0, 10 and 50 mg Ti/1, the §tanda1jgl dc:viations were +0.07, +0.1
and +0.4, respectively. Recoveries at these levels were 97%, 91% and 88%, respectively.

i ‘H‘:“““ : o Rk
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TITANIUM

Method 283.2 (Atomic Absorption, furnace technique)

‘Sy-TORET NO. "Ts)tal 01152
Dissolved 01150
Suspended 01151

Optimum Concentration Range: ~ 50-500 ug/1
Detection Limit: 10 ug/1

Preparatlon of Standard Solution
1. Stock solution: Prepare as described under “direct asp1rat10n method” h
2. Prepare dilutions of the stock solutlon to be used as cahbratlon standards at the time of
analysis.
The calibration standards should be prepared using the same type of acid and at the same
concentratlon as w111 result 1n the sample to be analyzed elther dlrectly or after
‘ processmg ‘

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solutions for analy31s
should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)
Drying Time and Temp: 30 sec—125°C.
Ashing Time and Temp: 30 sec—1400°C.
Atomizing Time and Temp: 15 sec—2800°C.
Purge Gas Atmosphere: Argon.
Wavelength: 365.4 nm.
Other operating parameters should be set as specified by the particular instrument
manufacturer,

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

Approved for NPDES
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5.

6.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and pyrolytic
graphite.

Background correction may be required if the sample contains high dissolved solids.
Because of possible chemical interactions, nitrogen should not be used as the purge gas.
For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual. |

Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy
Precision and accuracy data are not available at this time.

1.




VANADIUM
Method 286 1 (Atomlc Absorpfcmn, direct aSplratlon)

STORET NO. Total 01087
- Dissolved 01085
‘Suspended 01086

Opﬁmﬂm’ Concentration Range: 2-100 mg/1 using a wavelength of 318.4nm
Sensitivity: 0.8mg/1 ’ ‘
Detection Limit: 0.2mg/1

Preparatlon of Standard Solution

1. Stock Solution: Dissolve 1. 7854 g of vanadium pentox1de, V,0;s (analytical reagent
grade) in 10 ml of conc. nitric acid and dilute to 1 liter with deionized distilled water. 1
ml = 1mgV (1000mg/1).

2. * Aluminum nitrate solution: Dissolve 139 g aluminum nitrate, AI(INO,);*9H,0, in 150 ml

, of deionized distilled water; heat to effect solution. Allow to cool and make up to 200 ml.

3. Prepare dilutions of the stock vanadium solution to be used as calibration standards at
the time of analysis. The calibration standards should be prepared using the same type of
acid and at the same concentration as will result in the sample to be analyzed either
directly or after processing. To each 100 ml of standard and sample alike, add 2 ml of the
aluminum nitrate solution.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual. :

Sample Preparation :
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters (General)

" Vanadium hollow cathode lamp
Wavelength: 318.4 nm

Fuel: Acetylene

Oxidant: Nitrous oxide

Type of flame: Fuel rich

LR .
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Analysis Procedure

L.

For the analysis procedure and the calculatlon, see “Dlrect Asplratlon” part 9.1 of the
Atomic Absorption Methods section of this manual.

Interferences

It has been reported that high concentrations of aluminum and titanium increase the
sensiti{rity of vanadium. This interference can be controlled by adding excess aluminum
(1000 ppm) to both samples and standards. [Talanta 15, 871 (1968)].

1.

L.

2.

3.

For concentrations of vanadium below 0.5 mg/1, the fumace procedure, Method 286.2,
is recommended.

The gallic acid colorimetric method may also be used (Standard Methods, 14th Edition,
p 260).

Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

1.

In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent spiked
at concentrations of 2.0, 10 and 50 mg V/1, the standard deviations were +0.10, £0.1
and 0.2, respectively. Recoveries at these levels were 100%, 95% and 97%,
respectively.




VANADIUM
Method 386.2' (Atonpc Absorptlgon, fu!r'l.l_écé' ,:techﬁidﬁéi it
STORET NO Total 01087

T " Dissolved 01085
e " Suspended 01086

Optimum Concent_ratlon Range ., 10-200ug/1. .. .
Detectlon Limit: 4] ug 5 /1 z A

Préparatioh of Standard Solution”
. 1. Stock solution: Prepare as described under, ““direct aspiration.method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. These solutions are also to be used for “standard additions”’. o
3. The calibration standard should be diluted to contain 0.5% (v/v) HNO3 .
e o3 : % ¢ LI AR
Sample Preservatlon L
1.  For sample handhng and preservatlon see part 4 1 of the Atomlc Absorptlon Methods
section of this manual.

Sample Preparation
1. Prepare as described under “direct aspiration method”. Sample solution for ana1y31s
should contain 0.5% (v/v) HNO,.

Instrument Parameters (General)

Drying Time and Temp: 30 sec-125°C.

Ashing Time and Temp: 30 sec—1400°C.

Atomizing Time and Temp: 15 sec—2800°C.

Purge Gas Atmosphere: Argon.

Wavelength: 318.4 nm.

Other operating parameters should be set as specified by the particular instrument
manufacturer.

S h L=

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.
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6.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and pyrolytic
graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings.

Background correction may be required if the sample contains high dissolved sohds
Because of possible chemical interaction, nitrogen should not be used as the purge gas.
For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorptlon Methods
section of this manual).

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

Data to be entered into STORET must be reported as ug/ 1

Precision and Accuracy
Precision and accuracy data are not available at this time.

1.




ZINC

‘Method 289.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01092
. Dissolved 01090
Suspended 01091

Optimum Concentration Range: - 0.05-1mg/1 using é wavelength 0f 213.9 nm
Sensitivity: 0.02mg/1 '
Detection Limit: 0.005mg/1

Preparation of Standard Solutlon :

1. Stock Solution: Carefully weigh 1.00 g of zinc metal (analytical reagent grade) and

dissolve cautiously in 10 ml HNO;. When solution is complete make up to 1 liter with
deionized distilled water. 1 ml = 1 mgZn (1000 mg/1). :
Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after
processing.

Sample Preservation :
1., For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

Instrumental Parameters
Zinc hollow cathode lamp
Wavelength: 213.9 nm
Fuel: Acetylene
Oxidant: Air
Type of flame: Oxidizing

Analysis Procedure
1. For the analysis procedure and the calculation, see “direct asplratlon” part 9.1 of the
Atomic Absorption Methods section of this manual.

Approved for NPDES
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7.

Precision and Accuracy

1.

High levels of silicon may interfere.

The air-acetylene flame absorbs about 25% of the energy atthe 21 3 9 nm line.

The sensitivity may be increased by the use of low-temperature flames.

Some sample container cap liners can be a source of zinc contamination. To circumvent
or avoid this problem, the use of polypropylene caps is recommended.

The dithizone colorimetric method may also be used (Standard Methods, 14th Edition, p
265).

For concentrations of zinc below 0.01 mg/1, either the Spemal Extractlon Procedure
given in part 9.2 of the Atomic Absorptlon Methods sectlon or the fumace procedure,
Method 289.2, is recommended.

Data to entered into Storet must be reported as ug/1.

Yo

An mterlaboratory study on trace metal analyses by atomlc absorptlon was conducted by
the Quality Assurance and Laboratory Evaluatlon Branch of EMSL Six synthetic
concentrates containing varying levels of alumlnum, cadmlum, chromlum, copper, iron,
manganese, lead and zinc were added to natural water samples. The statistical results for
zinc were as follows:

LI ST

Standard

True Values Mean Value ~ Deviation - Accuracyh’as
ug/liter ' . ug/liter 7 ug/hter % Bias

281 284 97 1.2
310 308 4 07
56 62 “ i1.3
70 75" S ) S 6.6
7 22 oo 260206
11 7 L8 566




ZINC
Method 289.2 (Atomic Absorptlon, furnace techmque)

STORET NO Total 01092
Dissolved 01090
Suspended 01091

Optimum Concentration Range: ~ 0.2—4 ug/1
Detection Limit: 0.05ug/1

Preparation of Standard Solution
1. Stock Solution: Prepare as described under “direct aspiration method”.
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
' " analysis. These solutions are also to be used for ‘standard additions”. |
3. ' The cahbratlon standard should be diluted to contain 0 5% ~/ v) HNO3

Sample Preservation .
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual. ‘ :

Sample Preparation
1. Prepare as described under “direct asplratlon method”. Sample solution for ana1y51s
should contain 0.5% (v/v) HNO:;.

Instrument Parameters (General)

Drying Time and Temp: 30 sec-125°C.

Ashing Time and Temp: 30 sec—400°C.

Atomizing Time and Temp: 10 sec—2500°C.

Purge Gas Atmosphere: Argon.

Wavelength: 213.9 nm.

Other operating parameters should be set as specified by the particular instrument
manufacturer.

SR W=

Analysis Procedure
1.  For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.
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7.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings. ‘

The use of background correction is recommended.

Nitrogen may also be used as the purge gas. ‘ ‘

The analysis of zinc by the graphite furnace is extremely sensitive and very subject to
contamination from the work area, reagents, and pipet tips. Since all these factors affect
the precision and accuracy, zinc should be analyzed by the direct aspiration procedure
whenever possible. ‘
For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorptlon Methods
section of this manual).

If method of standard addition is required, follow the procedure glven earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy ‘ B
Precision and accuracy data are not available at this time. ‘

1.




ACIDITY
Method 305.1 (Titrimetric)
STORET NO. 70508

1..  Scope and Application : : -

1.1 This method is applicable to surface waters, sewages and industrial Wastes, particularly
mine drainage and receiving streams, and other waters containing ferrous iron or other
polyvalent cations in a reduced state. '

1.2 The method covers the range from approximately 10 mg/1 acidity to approximately

c - 1000 mg/1 as CaCQO,, using a 50 ml sample.
2. Summary of Method

2.1 The pH of the sample is determined and a measured amount of standard acid is added, as

needed, to lower the pH to 4 or less. Hydrogen peroxide is added, the solution boiled for
v several minutes, cooled, and titrated electrometrically with standard alkali to pH 8.2.
3. Definitions

3.1 This method measures the mineral acidity of a sample plus the acidity resulting from

oxidation and hydrolysis of polyvalent cations, including salts of iron and aluminum.
4.  Interferences

4.1 Suspended matter present in the sample, or precipitates formed during the titration may
cause a sluggish electrode response. This may be offset by allowing a 15-20 second pause
between additions of titrant or by slow dropwise addition of titrant as the endpoint pH is
approached.

5. Apparatus
5.1 pH meter, suitable for electrometric titrations.
6.  Reagents

6.1 Hydrogen peroxide (H,O,, 30% solution).

6.2 Standard sodium hydroxide, 0.02 N.

6.3 Standard sulfuric acid, 0.02 N.

7.  Procedure
7.1 Pipet 50 ml of the sample into a 250 ml beaker.
7.2 Measure the pH of the sample. If the pH is above 4.0, add standard sulfuric acid (6 3)in
"~ 5.0mlincrements to lower the pH to 4.0 or less. If the initial pH of the sample is less than
4.0, the incremental addition of sulfuric acid is not required.

7.3 Add 5drops of hydrogen peroxide (6.1).

7.4 Heat the sample to boiling and continue boiling for 2 to 4 minutes. In some instances, the
concentration of ferrous iron in a sample is such that an additional amount of hydrogen
peroxide and a slightly longer boiling time may be required.

Approved for NPDES
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7.5 Cool the sample to room temperature and titrate electrometrically with standard sodium
hydroxide (6.2) to pH 8.2.
Calculations B

8.1 Acidity, asmg/1 CaCO, — [A X B) — € s’;m%)ll X_50,000

where:

A = vol. of standard sodium hydroxide used in titration

B = normality of standard sodium hydroxide

C = volume of standard sulfuric acid used to reduce pH to 4 or less

D = normality of standard sulfuric acid

If it is desired to report acidity in millequivalents per liter, the reported values as CaCO,
are divided by 50, as follows:

mg/1 CaCO;

Acidity as meq/l = 5

Precision
9.1 On a round robin conducted by ASTM on 4 acid mine waters, including concentrations
up to 2000 mg/1, the precision was found tobe +10 mg/1.

Bibliography

Annual Book of ASTM Standards, Part 31, “Water”, p 116, D 1067, Method E( 1976).
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 277,
Method 402(4d) (1975).
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‘Test Method

Acidity (Titrimetric)—

Method 305.2

1. Scope.andAPP“Cétji,o';" . )

;1.1 This method is applicable to
rain, surface and other waters of pH
less than 8.3.

1.2 This method is a measure of the
concentration of strong and weak
acids that react with hydroxyl ions.
This includes the dissolved gases that
are present.

1.3 The range of this method
depends on the volume of sample
titrated and upon the precision that
the increments of titrant can be
measured. If only 10 mL of sample is

-, available for analysis, it is necessary

to use a 50 ul syringe for dispensing
the titrant in order to achieve a
precision of less than 10 yeq/L.

2. Summary of Method

2.1 Sampiles are titrated with 0.02 N .,

carbonate free NaOH solution. The

- end point is determined with a pH

meter. Results are reported as
microequivalents {ueq) per liter.

3. Sampling Handling and
Storage

3.1 The sample container must be
filled completely, sealed and stored at
4°C. Care must be taken to minimize
exposure of the sample to the
atmosphere. Open the sample
container immediately before analysis.

3.2 Analysis should be performed as
soon as possible after collection.

4. Comments

4.1 Samples with an initial pH
between 4.3 and 8.3 are subject to

305.2-1 ' Dec. 1982

error due to the ioss or gain of -
dissolved gases during sampling

- storage and analyses. :

5. Apparatus

5.1 pH meter and electrode(s), see
Method 150.1 or 160.2.

5.2 Micro buret or micro syrings.

5.3 Teflon or glass magnetic stirring
bar.

5.4 Magnetic stirrer.

5.5 Beakers or flasks.

6. ’>Rea‘g'ént‘s j

6.1 Standard sodium hydroxide
solution, 1 N: Dissoive 40g NaOH in

250 mL distilled water. Cool and dilute
to 1 liter with CO: free distilled water.

.Store in a polyolefin bottle and fitted

with a soda lime tube or tight cap to

¢ protect from atmospheric COa2.

6.2 Standard sodium hydroxide
titrant, 0.02 N: Dilute 20,0 mL of 1 N
NaOH with CO.-free distilled water to
1 liter. Store in rubber stoppered
bottle. Protect from atmospheric CO2’
by using a soda lime tube.
Standardize against an 0.02 N
potassium acid phthalate solution
prepared by dissolving 4.085 g of
anhydrous KHCgH4O4 in CO: free
distilled water and diluted to 1:1.

7. Procedure

7.1 Pipet an appropriate aliquot of
sample into beaker of flask containing
a small teflon on glass stirring bar.
Use extreme care to minimize the
sample surface disturbance.




7.2 Immerse pH electrode(s) into
sample and stir at a rate that does not
cause sample surface disturbance.

7.3 Titrate with 0.02 N NaOH (6.2)
to pH 8.3. Titration should be made as
quickly as possible to prevent
absarption of atmospheric CO».
Record volume of titrant.

8. Calculation

8.1 Acidity, peq/L =My Ngx 10°
mls

peq/L = microequivalents
per liter

mLs = mL of NaOH titrant
mLs = mL of sample
Ns = normality of titrant
9. Precision and Accuracy

9.1 Precision and accuracy data are
not available.
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ALKALINITY

Method 310.1 (Titrimetric, pH 4.5)

STORET NO. 00410

Scope and Application

1.1  This method is applicable to drinking, surface, and saline waters, domestic and industrial
wastes. ’

1.2 The method is suitable for all concentration ranges of alkalinity; however, appropriate
aliquots should be used to avoid a titration volume greater than 50 ml.

1.3  Automated titrimetric analysis is equivalent.

Summary of Method

2.1 An unaltered sample is titrated to an electrometrically determined end point of pH 4.5.
The sample must not be filtered, diluted, concentrated, or altered in any way.

Comments ‘

3.1 The sample should be refrigerated at 4°C and run as soon as practical. Do not open
sample bottle before analysis. , |

3.2 Substances, such as salts of weak organic and inorganic acids present in large amounts,
may cause interference in the electrometric pH measurements.

3.3 For samples having high concentrations of mineral acids, such as mine wastes and
associated receiving waters, titrate to an electrometric endpoint of pH 3.9, using the
procedure in: l
Annual Book of ASTM Standards, Part 31, “Water”, p 115, D-1067, Method D, (1976).

3.4 Oil and grease, by coating the pH electrode, may also interfere, causing sluggish
response.

Apparatus

4.1 pH meter or electrically operated titrator that uses a-glass electrode and can be read to
0.05 pH units. Standardize and calibrate according to manufacturer’s instructions. If
automatic temperature compensation is not provided, make titration at 25 +2°C.

Use an appropriate sized vessel to keep the air space above the solution at a minimum.
Use a rubber stopper fitted with holes for the glass electrode, reference electrode (or
combination electrode) and buret. '

4.3 Magnetic stirrer, pipets, flasks and other standard laboratory equipment.

4.4 Burets, Pyrex 50,25 and 10 ml '

Reagents

5.1 Sodium carbonate solution, approximately 0.05 N: Place 2.5 +0.2 g (to nearest mg)
Na,CO, (dried at 250°C for 4 hours and cooled in desiccator) into a 1 liter volumetric
flask and dilute to the mark.

Approved for NPDES
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5.2 Standard acid (sulfuric or hydrochloric), 0.1 N: Dilute 3.0 m! conc H,S0, or 8.3 ml conc

5.3

Procedure

6.1

HCI to 1 liter with distilled water. Standardize versus 40.0 ml of 0.05 N Na;CO; solution
with about 60 ml distilled water by titrating potentiometrically to pH of about 5. Lift
electrode and rinse into beaker. Boil solution gently for 3-5 minutes under a watch glass
cover. Cool to room temperature. Rinse cover glass into beaker. Continue titration to the
pH inflection point. Calculate normahty usmg

" e LN Y . e
’ ! 20 I s e H
e ‘ aa E P ¥ [ LT R TN

_ A xXB
N= 53.00 x C

where: SRR
A = gNa,CO, we1ghed into l hter
B = ml Na,CO; solution

- C ="ml acid.used to mﬂectlon pomt

. , LT '
f L el P
¢ L

Standard acid (sulfuric or hydrochlonc) 0. 02 N Dllute 200.0 ml of 0. 1000 N standard

acid to 1 liter with distilled water. Standardize by potentiometric titration of 15.0 m1 0.05

N Na,CO; solution as above. ‘

Sample size R e

6.1.1 Usea sufﬁmently large volume of t1trant (> 20 ml ina 50 ml buret) to obtaln good
precision while keeping volume low enough to permit sharp end pomt

- 6.1.2 For <1000 mg CaCO /1 use0.02 N tltrant

." 6.1.3 For > 1000mg CaCO,/1 use0.1 N titrant,
.. 614 Aprehmmary titration is helpful. '

6.3

Calculatlons

7.1

Potentiometric titration ‘
6.2.1 Place sample in flask by pipetting with pipet tip near bottom of flask
6.2.2 Measure pH of sample
6.2.3 Add standard acid (5.20r.5.3), being careful'to stir thoroughly but gently to allow
needle to obtain equilibrium.
+6.2.4 Titrateto pH 4.5. Record volume of titrant. -
Potentiometric titration of low:alkalinity: . L ' L
6.3.1 For alkalinity of <20 mg/1 t1trate 100—200 ml as above (6 2) using a2 10 ml
microburet and 0.02 N acid:solution'(5.3).
6.3.2 Stop titration at pH in range of 4.3-4.7, record volume and exact pH Very
' carefully add tltrant to lower pH exactly.0.3 pH units and record volume

Potentiometric titration té pH 4.5 s e e e

A X N x 50,000
ml of sample

Alkalinity, mg/1 CaCO; =

310.1-2"




- where: ,
A = ml standard acid A
N = normality standard acid ‘
‘ 7.2 Potentiometric titration of low alkalinity: .

Total alkalinity, mg/1 CaCO, = ZB.= ﬁﬁ)oﬁsfm:lfo"’oo

where:
B = ml titrant to first recorded pH
C = total ml titrant to reach pH 0.3 umts lower
N = normality of acid
8.  Precision and Accuracy :
8.1 Forty analysts in seventeen laboratories analyzed synthetic water samples contammg
increments of bi¢arbonate, with the following results:

Increment as Precision as Accéuracy as. _
Alkalinity Standard Deviation Bias, o Bias,
mg/liter, CaCO, mg/liter, CaCO, ..Z& S mg/l, CaCO,

8 1.27 ‘ : +10.61 +0.85
9 . 1.14 : 422,29 420
113 5.28 o - 819 -9.3

119 5.36 =742 7 -8.8

(FWPCA Method Study 1, Mineral and Physical Analyses)

8.2 In a single laboratory (EMSL) using surface water samples at an aVerage concentration
of 122 mg CaCO,/1, the standard deviation was +3. -

Bxbhography
1. ,Standard Methods for the Exammatlon of Water and Wastewater, 14th Echtlon, p 278,

Method 403, (1975).
2. Annual Book of ASTM Standards, Part 31, “Watel”, p 113, D-1067, Method B, (1976)
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ALKALINITY
Method 310.2 (Colorimetric, Automated, Methyl Orange)

STORET NO. 00410

1. Scope and Application
1.1 This automated method is applicable to drinking, surface, and saline waters, domestic
and industrial wastes. The applicable range is 10 to 200 mg/1 as CaCO..
1.2 This method is not an approved NPDES method as cited in the Federal Register
December 1, 1976 for samples containing turbidity or color.
2.  Summary of Method
2.1 Methyl orange is used as the indicator in this method because its pH range is in the same
range as the equivalence point for total alkalinity, and it has a distinct color change that
can be easily measured. The methyl orange is dissolved in a weak buffer at a pH of 3.1,
just below the equivalence point, so that any addition of alkalinity causes a loss of color
directly proportional to the amount of alkalinity.
3.  Sample Handling and Preservation
3.1 Sample should be refrigerated at 4°C and run as soon as practical. Do not open sample
bottle before analysis.
4.  Interferences
4.1 Sample turbidity and color may interfere with this method. Turbidity must be removed
by filtration prior to analysis. If sample is filtered, this method is not approved for
NPDES monitoring. Sample color that absorbs in the photometric range used will also,
interfere.
5.  Apparatus
5.1 Technicon AutoAnalyzer consisting of:
5.1.1 Sampler I
5.1.2 Manifold.
5.1.3 Proportioning pump.
5.1.4 Colorimeter equipped with 15 mm tubular flow cell and 550 nm filters.
5.1.5 Recorder equipped with range expander.
6. Reagents
6.1 Methyl Orange: Dissolve 0.125 g of methyl orange in 1 liter of distilled water.
6.2 pH 3.1 Buffer: Dissolve 5.1047 g of potassium acid phthalate in distilled water and add
87.6 ml1 0.1 N HCl and dilute to 1 liter. Stable for one week.
6.3 Methyl Orange-Buffered Indicator: Add 1 liter of pH 3.1 buffer (6.2) to 200 ml methyl
orange solution (6.1) and mix well. Stable for 24 hours.
6.4 Stock Solution: Dissolve 1.060 g of anhydrous sodium carbonate (oven-dried at 250°C for
4 hours) in distilled water and dilute to 1000 mi. 1.0 ml = 1.00 mg CaCO,.
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6.4.1 Prepare a series of standards by diluting suitable volumes of stock solution to 100.0
ml with distilled water. The following dilutions are suggested:

ml of Stock
Solution ‘ Conc., mg/1 as CaCOs

10
20
40
60
80
100
180
200

DD =t
ORO 0NN
OCOO0O0OO0OOCO

Procedure o

7.1 Noadvance sample preparation is required. Set up manifold as shown in Figure 1.

7.2 Allow both colorimeter and recorder to warni up for 30 minutes. Run a baseline with all
reagents, feeding distilled water through the sample line. Adjust dark current and
operative opening on colorimeter to obtain stable baseline.

7.3  Place distilled water wash tubes in alternate openings on sampler and set sample timing
at 2.0 minutes. ‘ ‘ ﬂ ‘

7.4 Place working standards in sampler in order of decreasing concentration. Complete
filling of sampler tray with unknown samples.

7.5 Switch sample line from distilled water to sampler and begin analysis.

Calculation

8.1 Prepare standard curve by plotting peak heights of processed standards against known
concentrations. Compute concentration of samples by comparing sample peak heights
with standard curve.

Precision and Accuracy

9.1 In asingle laboratory (EMSL), using surface water samples at concentrations of 15, 57,
154, and 193 mg/1 as CaCO, the standard deviation was +0.5.

9.2 In a single laboratory (EMSL), using surface water samples at concentrations of 31 and
149 mg/1 as CaCO; recoveries were 100% and 99%; respectively.

Bibliography

Technicon Auto Analyzer Methodology, Bulletin 1261, Teqhnicbn Controls, ‘Inc., Chauhcey,

N.Y. (1961).
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 278,

Method 403 (1975).
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BROMIDE
Method 320.1 (Titrimetric)

STORET NO. 71870

1. Scopeand Apphcauon
1.1 This method is applicable to drmkmg, surface, and saline waters, domestic and industrial
waste effluents.
1.2 The concentration range for this method is 2-20 mg bromide/1.
2. Summary of Method
2.1  After pretreatment to remove interferences, the sample is divided into two aliquots. One
aliquot is analyzed for iodide by converting the iodide to iodate with bromine water and
titrating iodometrically with phenylarsine oxide (PAO) or sodium thiosulfate. The other
aliquot is analyzed for iodide plus bromide by converting these halides to iodate and
bromate with calcium hypochlorite and titrating iodometrically with PAO or sodium
thiosulfate. Bromide is then calculated by difference.
3.  Sample Handling and Preservation
3.1 Storeat 4°C and analyze as soon as possible.
4.  Interferences
4.1 Iron, manganese and organic matter can interfere; however, the calcium oxide
pretreatment removes or reduces these to insignificant concentrations.
4.2 Color interferes with the observation of indicator and bromine-water color changes. This
interference is eliminated by the use of a pH meter instead of a pH indicator and the use
. of standardized amounts of oxidant and oxidant-quencher.
5.  Reagents

5.1 Acetic Acid Solution (1:8): Mix 100 ml of glacial acetic acid with 800 ml of distilled
water.

5.2 Bromine Water: In a fume hood, add 0.2 ml bromine to 500 ml di